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1. Oral health care services of China 
 
1.1 Changes in (oral) health care system  
Since the 1980s China has moved from a planning economy towards a 
market economy (Hsiao et al., 1996), a trend reflected in the health care 
system between 1980 and 2003 (Hu et al., 2008). While government covered 
most of the basic health expenditure during the planning economy period, 
during the market economy period the population were requested to 
contribute substantially themselves to the fees for medical services. However, 
user charges and high direct costs blocked access to care for the many 
people lacking sufficient income to purchase basic health care, both in urban 
and in rural areas (Liu, 2002; Liu, 2004). Also, during that period few people 
benefited from the available medical insurance schemes. It was obvious that 
patients lacking sufficient medical insurance coverage could not afford dental 
treatment and many did not go to a hospital for treatment if they could tolerate 
the symptoms of a dental ailment (Ling et al., 2007). It was, therefore, not 
surprising that the shift from the planning-orientated to the market-orientated 
health care system was officially announced a complete failure (DRCSC, 
2005).  
China now operates four different medical insurance schemes and has 
increased the medical insurance coverage from 15% of the population in 
2003 to 85% in 2008. The four schemes are: The Urban Employees’ Medical 
Insurance (UEMI), the Urban Residents Basic Medical Insurance (URBMI), 
the New Rural Cooperative Medical Scheme (NRCMS) and a tax-financed 
medical assistance program for the needy in urban and rural areas. Medical 
insurance schemes cover basic dental healthcare needs such as fillings and 
tooth extractions. Although compensation rates and reimbursement for 
outpatient care are sti ll comparatively low, improvements are steadily being 
implemented, but on a step-by-step basis. The city of Wuhan provides an 
example. The upper limit of reimbursement for outpatient care per person per 
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year has increased from 30 CNY (€ 4) in 2007 to 400 CNY (€ 50) in 2012. In 
2012, restoration of a tooth in the Wuhan dental hospital cost between 60 
CNY (€ 7.2) and 150 CNY (€ 18) while an extraction cost between 60 CNY (€ 
7.2) and 280 CNY (€ 33.7). Such an improvement in financing of oral health 
care was necessary and inspires hope that many Chinese people will now not 
only be able to obtain curative care but will also be educated in the prevention 
of common diseases, both medical and dental.  
 
1.2 Oral health care services and oral health promotion  
The available market data shows the ratio between dentist and population in 
2009 to have been 1:25.000, which is still far below the average ratio of 
1:4.000 in developed countries. China has 11.827 dental hospitals and 
14.682 dental clinics for serving the public. The quality and level of dental 
services offered can vary dramatically between geographical locations (de 
Beer, 2009). The quality of services provided in hospital dental clinics is 
generally superior to that of services offered in private dental clinics. In rural 
areas very few dentists are operating who are graduates of recognized dental 
schools and can provide high-quality dental services (Ling et al., 2007). 
“Love Teeth Day” (LTD) is a national campaign introduced in 1989. Its aim, 
through promoting oral health education, is to encourage all Chinese people 
to adopt preventive oral care measures. During the past 24 years mass media 
have been used in the LTD campaign, covering a number of health-related 
themes; such as community counseling, community oral health service 
provision and expanding promotion, (Bian et al., 1995; Dai et al., 2010). The 
themes of the past four years were: “Keep oral health, Improve quality of life” 
in 2009, “Pit and fissures, Protect teeth” in 2010, “Oral health, Happy families, 
Care for children” in 2011 and “Oral health, Happy families, Care for 
themselves, Protect periodontal” in 2012. The annual campaign is considered 
to have contributed to the improvement of the oral health status of Chinese 
people. Wuhan is again an example. Between 1987 and 1995, a survey 
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aimed at evaluating the changes in oral health knowledge and behavior 
among Wuhan citizens after six years of LTD campaigns found that oral 
health habits had changed considerably. The percentage of citizens cleaning 
teeth twice a day had increased from 50% to 70.5%, toothbrush use had 
increased from 49.1% to 73.4% and use of fluoride toothpaste had increased 
from 13.8% to 58.2%. Dental visits for regular check-ups had increased from 
22.5% to 37.1% (Peng et al., 1997). Other factors may have also contributed 
to this change. It is worth mentioning that people, especially adults, generally 
visited dentists to seek help for acute problems. A national survey of oral 
health knowledge, attitudes, and behaviors of adults in China revealed that 
25% of all participants had visited a dentist within the previous 12 months, 
whereas only 6% of them had gone for a dental check-up during the previous 
two years (Zhu et al., 2005). The study participants had poor oral health 
knowledge but they showed positive attitudes toward oral health. This 
provides a basis for increasing community-based oral health education 
programs, especially targeting adults who are less well-educated and have 
fewer socio-economic advantages (Lin et al., 2001). 
 
2. Wuhan - city of current research 
 
Wuhan is the capital city of Hubei Province, recognized as the political, 
financial, cultural, and educational center of Central China. It has a population 
of 10.020.000 people (Census, 2011), about 6.434.373 of whom reside in its 
suburban areas. The city has one dental hospital, 45 general hospitals having 
a dental clinic and 319 private dental clinics. The official data from the Health 
Department of Hubei Province and the Bureau of Health of Wuhan 
Municipality reported that 1235 licensed dentists and 211 dental assistants 
were practicing in Wuhan at the end of 2012. The concentration of fluoride in 
the city’s tap water was 0.1-0.3mg/L (Wang et al., 2004; Jiang et al., 2007), 
which is not very effective in reducing dental caries prevalence. The mean 
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dmft-components of 5-year-old children in the second and third national oral 
health surveys carried out in Hubei province were all lower than the 
comparable mean values for the country (National Committee for Oral Health, 
1999; Hu et al., 2011). As in other parts of China, the percentage of untreated 
carious lesions in all age groups in Hubei Province was very high (Zhang et 
al., 2008). Some small studies, carried out in Wuhan among 12 -year-old 
school children, showed that 31% of these reported that pain was the reason 
for their most recent dental visits (Tai et al., 2001).  
 
3. Dental caries experience in Chinese children  
 
At a national level caries prevalence appears to be widespread but generally 
not very severe. The results of the Second National Survey of Oral Health of 
1995-1996 showed the prevalence of dental caries in 12-year-old children to 
be 46% with a mean DMFT-score of 1.0. Untreated carious lesions were the 
most prevailing condition. The 77% prevalence of dental caries in primary 
dentition of 5-year-old chi ldren was relatively high. The Third National Survey, 
of 2005, showed that the prevalence in 5-year-old children (66%) and in 
12-year-old children (29%) was lower than it had been 10 years earlier. In 
2005 the mean DMFT score of 12-year-old chi ldren was 0.5 (National 
Committee for Oral Health, 1999; Hu et al, 2011). This score fell within the 
global oral health target goal set by the WHO for the year 2000: at least 50 
percent of 5-6-year-old children to be free of dental caries and no more than 3 
DMFT at 12 years of age (WHO, 1982). Analysis of the data from a series 
of Chinese National Surveillance studies on Students' Constitution and Health 
between 1991 and 2005 revealed that the prevalence of dental caries in 
children appeared to have decreased, but not in a steady pattern (Tang et al., 
2010).  
China’s continuously fast economic growth and development in the last 
three decades is a miracle. There have been fears that with continuing 
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economic progress and improving standards of living, changes in diet would 
occur which would probably lead to deterioration in oral health, as was the 
case in some developing countries and many western countries from the 
1950s to the 1980s (Davies, 2001). The administrative and health 
professionals should, therefore, continue informing the public about the need 
for practicing good oral self-care, visiting the dentist regularly and ensuring a 
sound financial basis for obtaining oral health care. Prioritizing the young and 
their parents through oral health programmes at under-five clinics in hospitals 
and at primary schools is necessary. This PhD-thesis will contribute to an 
appropriate carious lesion prevention programme for use in primary schools.   
 
4. Care for oral health of children 
 
4.1 Care for decayed primary teeth of children 
Decayed teeth and their consequences, although not life-threatening, can still 
cause unwanted and negative effects on children (Sheiham, 2006; Leal et al., 
2012). Untreated carious lesions and their sequel are the main causes of oral 
pain, suffering and tooth loss (Baelum et al., 2007).  
In China, children’s need for dental care is characterised by the high 
prevalence of dental caries in primary teeth. Only 34% of 5-year-old children 
in China were caries-free in 2005. The mean dmft-score of this age group 
was 3.5. Of the mean dmft-score, 96.7% is attributed to cavitated teeth that 
remain untreated (Hu et al., 2011).  
It can be argued that the requirements and end points related to treating 
primary dentitions differ from those pertaining to permanent dentitions, as a 
primary tooth is essentially temporary, having a life that varies between 6 and 
8 years (Foley, 2006). This implies that the survival of a restored primary 
tooth is even shorter. The systematic review on dental restorations for the 
treatment of carious cavities in primary teeth included only two studies with a 
maximum duration of 3 years (Yengopal et al., 2009). It is known that the 
 15 
 
majority of primary teeth with cavitated dentine carious lesions exfoliate 
without having been restored (Tickle et al., 2002). That observation leads to 
the question as to what happens to cavitated primary teeth over time. Do they 
always cause pain and sepsis? If not, and considering the difficul ties 
experienced by some dentists in treating young children and the unavailability 
of restorative care in many communities in both developing and developed 
countries, the question arises as to whether cavitated dentine carious lesions 
always need restoration or extraction whenever they are detected. Evidence 
concerning the burden of cavitated primary teeth is needed to aid appropriate 
and effective treatment planning, especially in underdeveloped areas of 
China. A few retrospective studies on the fate of carious primary teeth over 
time have found that the majority of untreated carious teeth exfoliated 
naturally; very few were extracted because of pain or sepsis. Even the 
provision of restorative care was not associated with fewer episodes of pain. 
(Tickle et al., 2002; Levine et al., 2002). Moreover, it has been suggested that 
non-operative treatments, including plaque control, fluoride application and 
diet control, are the sole requirements for pain-free evolution of cavitated 
primary teeth to exfoliation (Kidd 2012). The extent to which natural 
exfoliation of cavitated primary teeth influences the planning of appropriate 
care in underserved areas of China needs further investigation. 
 
4.2 Surveillance of the oral health situation of children  
Epidemiological surveillance can help to assess the disease patterns, and the 
information derived from it may aid the planning and evaluation of health care 
programmes. Studies of trends in dental caries prevalence have shown 
different patterns around the world. Several developed countries have 
experienced a steady reduction in dental caries prevalence since the 1980s. 
However, trends in low- and middle-income countries are unclear (Chung et 
al., 2006; Williamson et al., 2008; Emerich et al., 2010; Irigoyen et al., 2012).  
Epidemiological studies covering dental caries in school children in various 
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countries are numerous. In China, three national surveys have been carried 
out: in 1983, 1995 and 2005. (Ministry of Public Health, 1987; National 
Committee for Oral Health, 1999; Hu et al., 2011). Smaller oral health surveys 
have been conducted in different Chinese provinces and local communities 
(Schwarz et al., 2001; Zhang et al., 2006; Du et al., 2007).  
A consideration is the probability mentioned earlier; that in conjunction 
with the steady growth of the Chinese economy and the increase in the 
purchasing power of its citizens, the staple diet might change and include 
Western types of food that are usually high in carbohydrates. Should this 
happen, it is very likely that the caries situation would deteriorate. Sugar 
consumption is an example. Chinese people consumed an average of 9kg 
sugar/person/year in 2005 (Saekel, 2010). That figure is expected to double 
over the next few decades (CBA, 2012). This observed pattern requires 
constant monitoring of caries prevalence and severity, particularly in children, 
as they can be contacted easily for counseling. The current cross-sectional 
type of epidemiological survey, used in China for obtaining information on 
dental caries amongst population groups, is inadequate for monitoring such a 
pattern (Zhang et al., 2008). Time-line studies are required instead, such as 
those using a time-lag design. For this PhD thesis the caries situation in 
young children was monitored over a 4-year period, using a time-lag design.   
 
4.3 A sealant trial in Wuhan 
It is widely accepted that newly erupted molars might be highly susceptible to 
carious lesion development and furthermore, that sealants have been shown 
to be effective in preventing the occurrence of these lesions in pits and 
fissures. However, the integrity and retention of the sealant need to be 
evaluated periodically, to ensure its effectiveness over time. (Feigal et al., 
2006). In a well-structured oral health service system failed sealants can be 
resealed (Lavonius et al., 2002). In contrast, in low and developing market 
economies, where a recall system is usually unavailable and where dental 
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professionals are low in number and unevenly distributed over a country, 
sealants once placed continue to function without the possibility of repair if 
this is needed. Therefore, to ensure a high level of sealant effectiveness over 
long periods in China, a sealant material that bonds to the enamel surface for 
at least 4 to 5 years should be used in first permanent molars. That period is 
considered sufficiently long if children and their parents exercise oral self-care 
at an acceptable level.  
China is a country in transition. Its economy has grown tremendously 
over the last decades, raising the described probability of a future increase in 
carious dental lesions. The National Association of Preventive Oral Health in 
China has recommended, as part of a wider programme that caries 
prevention in children in China should focus on the application of sealants 
and on self-care through preventing plaque development with toothbrushes 
and fluoride-containing toothpaste (Chen et al., 2012a).  
In 2008, a comparative sealant trial started in Wuhan. It assessed caries 
lesion preventive effects and sealant retention rates over a 4-year period. 
Sealants produced with resin-composite, high-viscosity Glass-ionomer ART 
and glass-carbomer were placed in 1st molars of 7- to 8-year-olds. Study 
results after 2 years have been published (Chen et al., 2012a; Chen et al., 
2012b). 
 
4.4 Assessing sealant retention and carious lesions 
Direct clinical evaluation, utilizing a mirror and probe, is the most commonly 
used method of checking the retention and anti-carious lesion effectiveness 
of sealants placed. Some studies have used indirect methods such as color 
pictures and replica methods to evaluate the performance of sealants 
(Aranda et al., 1995; Smales et al., 1999; Bargale et al., 2011).  
The discovery that although resin-based sealants are generally retained 
longer than glass-ionomer-based sealants and there is no difference between 
the two types of sealants in their ability to prevent carious lesion development 
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led to investigations into this phenomenon. One clinical study used both 
clinical and replica methods and found that in 93% of the glass-ionomer 
sealants assessed as totally lost clinically, sealant remnants were visible 
under high magnification microscopes images taken from replicas (Mejàre et 
al., 1990). The same finding was also reported two decades later (Frencken 
et al., 2010).  
The replica method seems beneficial, as minimal training of personnel is 
required in the procedures used for taking the impression (Jokstad et al., 
1991). Another advantage is the availability of information contained in the 
replicas for comparison over time at one and the same moment. In contrast, 
the visual clinical examination is hampered by clinical difficulties; such as a 
compromised field of view, distance from the tooth, or salivation (Hickel et al., 
2007). Furthermore, survival studies require the examiners to remain 
calibrated for years in order to safeguard the reliability of the data, and such 
evaluations are costly. Recently, the reliability of colour photographs in 
detecting developmental defects in enamel and in carious lesions have been 
investigated and found very reliable (Golkari et al., 2011; Boye et al., 2012). 
Colour photographs have rarely been used to assess the retention of sealants 
and the presence of dentine carious lesions in previously sealed tooth 
surfaces (Sundfeld et al., 2004). The question that needs to be answered is: 
which assessment method is superior in detecting sealant retention and 
carious lesions in sealed tooth surfaces? The outcome may not only have a 
quality, but also an economic effect. Having colour photographs taken by a 
professional over years and having these assessed in series may be cheaper 
and yield more reliable data than taking tooth impressions and having 
examiners do clinical visual inspections over many years.   
No previous study has compared clinical visual examination, colour 
pictures and replicas covering outcomes of sealant survival rates and the 
presence of dentine carious lesions. This PhD thesis includes such an 
investigation.
 19 
 
5. Aims of the PhD research 
 
The overall aim of this PhD research was to monitor over time the caries 
prevalence and experience in primary dentitions and the natural course of 
cavitated dentine carious lesions in primary dentitions and to investigate the 
most appropriate evaluation method for assessing sealant retention and 
detecting dentine carious lesion development in newly erupted permanent 
molars. 
The specific aims were: 
1. To monitor the development of dental caries prevalence and caries 
experience in primary dentitions of school children over four years;  
2. To monitor the course of cavitated primary teeth of school children 
within the Chinese healthcare system over a period of 3.5 years; 
3. To compare the reliability of the visual clinical examination and the 
replica method in assessing the sealant retention survival rates of 
different sealing materials over a two-year period; 
4. To validate the visual clinical examination, colour picture and replica 
methods in assessing the sealant retention survival rates over a 
two-year period; 
5. To compare the reliability of visual clinical examina tion and colour 
pictures in assessing the sealant retention survival rates of different 
sealing materials and the presence of dentine carious lesions over a 
four-year period. 
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CHAPTER 2 
 
 
 
 
 
Caries experience in primary dentitions and presence of 
plaque in two cohorts of children from an economically 
fast-growing country over a time lag of four years 
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Abstract – Objectives: The aim of the present study was to test the 
hypothesis that dental caries prevalence and caries experience in primary 
dentitions has increased over 4 years and, to compare the presence of 
plaque on permanent teeth in child cohorts over 4 years. Methods: A time-lag 
study design was used comprising two cohorts of children aged 6-8-years 
from the same 5 primary schools in Wuhan examined in 2007 and 2011. Two 
calibrated examiners visually assessed plaque accumulation according to the 
Greene & Vermillion Index and the dentitions according to the ART caries 
criteria. ANOVA, t-test and Chi-Square test were used to test for differences 
between dependent and independent variables. Results: The 2007-sample 
consisted of 991 and the 2011-sample of 1114 children. The prevalence of 
dental caries (d3mft) was 68.3% in 2007 and 67.2% in 2011, while that of 
d2mft was 78.5% in 2007 and 71% in 2011 (p<0.001). The mean d3mft score 
was 2.8 in 2007 and 3.1 in 2011 (p=0.09), while the mean d3mfs score was 
5.0 in 2007 and 7.3 in 2011 (p<0.001). The d3-component of the d3mft index 
was 75% in 2007 and 68% in 2011, while the f-component was 21% in 2007 
and 26% in 2011. The hypothesis was not accepted. The proportion of 
children with plaque code 3 (extensive coverage) was higher in 2011 (21.8%) 
than in age mates in 2007 (5.7%). Conclusions: There were no obvious signs 
that dental caries prevalence had been increased in primary dentitions of this 
child population between 2007 and 2011. But as the mean caries experience 
scores at surface level were higher in 2011 than in 2007, monitoring caries 
prevalence remains essential but should start at an earlier age than this study 
covered. Health and educational authorities should collaborate in setting up 
programmes aimed at ensuring good oral health for school children.  
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1. Introduction  
Sustained economic growth enabled China to become the second-largest 
economy in the world1. Urbanization and Westernization in China has led to a 
dramatic shift from the traditional rice and vegetable diets towards meats, 
sweets and processed food. In the past decade the per capita sugar 
consumption has risen by 48%2 and the forecast is that it will be double the 
2000-2007 sugar consumption growth rate over the next few decades3. A 
national representative study found that two-thirds of the participating 
adolescents ate sweets every day and the difference in this practice between 
urban and rural respondents was insignificant4. These changes highlight the 
challenges facing the country in controlling chronic diseases, including dental 
caries.  
Fortunately, there are reports that show that oral health awareness, 
dental knowledge and attitudes towards good oral health behavior have 
improved amongst children and parents, in parallel with the dietary change 
towards western food5. Furthermore, China’s medical care system is in a 
period of transition6. For example, a number of medical insurance schemes 
were introduced during the last decade, resulting in a reported increase in 
medical insurance coverage of 85% of the population in 2008, from 15% in 
2003 7. In contrast to previous years, basic dental care, such as restoration 
and extraction, is now covered through insurance schemes, although the 
reimbursement is low7. In a country in which each passing day sees 
considerable ongoing changes, the oral health situation of its people should 
be monitored regularly, to provide appropriate information for public 
healthcare administration and enable decision-makers to act accordingly. 
One important example of such information is the presence or absence of an 
upward trend (cohort effects) in the prevalence and severity of dental caries 
amongst children.  
The three national oral health surveys carried out among the same age 
groups, but in different locations, in 1983, 1995 and 2005, provided useful 
 28 
 
information on the caries status of 5-year-olds. However, these reports are 
unsuitable for monitoring caries prevalence over time, as diagnostic criteria 
applied in 2005 were different from those of the two surveys conducted 
earlier8-10. Other smaller cross-sectional oral health surveys have been 
conducted in different provinces and local communities of China11-13. However, 
a cross-sectional study design is unsuitable for monitoring and/or detecting a 
possible upward trend on the prevalence of dental caries over time.  
The aim of the present study was to test the hypothesis that dental caries 
prevalence and caries experience in primary dentitions has increased over 4 
years and, to compare the presence of plaque on permanent teeth in child 
cohorts over 4 years. 
 
2. Materials and Methods 
 
2.1 Study design 
The study design used in the present investigation is called a ‘time-lag’ design, 
comprising the two development parameters age (6-8 years) and period/year 
of observation (2007 and 2011). This design concerns the study of a specific 
age group during several generations and would be appropriate for the aim of 
the study. An increase in carious lesions over time for subjects of the same 
age would indicate that the prevalence of dental caries is indeed increasing. 
However, this bifactorial design confounds cohort and period effects as age is 
not varied. Age effects are defined as the net contribution that age has on the 
phenomena studied, period effects originate from temporary circumstances 
affecting the measurements or observations being made and cohort effects 
stem from basic underlying differences in the patterns of disease between 
groups of individuals born at different times, thus having a different history14. 
A mixed-longitudinal design isolates the contributions of age, period and 
cohort effects and is, therefore, a suitable study design to study upward 
trends in dental caries prevalence15. But, because of the relatively short life 
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span of primary teeth in 6-8-year-olds, such a design was not suitable for use 
in the present study. 
 
2.2 Sampling procedure 
The two oral health surveys were carried out amongst grade 2 children from 
the same 5 primary schools in Wuhan. The schools are situated within a 5 
kilometer radius from the Dental School of Wuhan University and were 
chosen for the convenience of transporting equipment and personnel to 
conduct a dental sealant trial. The 2007 survey formed the basis from which 
high caries risk children were selected for participation in this sealant trial. 
The reader is referred to Chen et al16 for further information regarding the 
sealant trial. A power calculation for including the estimated number of 
children in the sealant trial resulted in a required sample size of 1000 Grade 2 
children for the epidemiological survey.  
Wuhan, the capital city of Hubei Province, is recognized as the political, 
economic, financial, cultural, educational and transportation center of Central 
China and had a population in 2011 of about 10 million people. The Growth 
Domestic Product of the city increased from $US 0.63 billion in 1978 to $US 
50 billion in 200717 and $US 107 billion in 201118. Permission to conduct the 
surveys and the sealant trial was granted by the school authorities and 
informed consent was obtained from parents or legal representatives of all 
participating chi ldren. The study was approved by the ethical committee of 
Wuhan University, with Reference Number 200704, and was registered at the 
Dutch Trial Center, with Reference Number 1411. 
 
2.3 Oral examination 
All Grade two students present on a day in December 2007 and December 
2011 were examined orally on the school premises by two seated and 
calibrated examiners using mouth mirrors and explorers. Two trained 
chair-side assistants did the recording. Each child lay on a table. The oral 
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cavity was illuminated by a removable site light, providing adequate light for 
assessing plaque accumulation on the six (permanent) index teeth, according 
to the Greene & Vermillion Index19, and the dentitions, according to the ART 
caries criteria (Table 2.1). The examiners in 2011 were not the same as those 
in 2007. No X-rays were taken. Plaque and/or debris were removed from the 
tooth surfaces with an explorer, if necessary, to facilitate proper carious lesion 
detection. The CPI probe was used for diagnosing small dentine carious 
lesions (Table 2.1).  
 
2.4 Reliability of collected data 
Calibration exercises, carried out under supervision of the same experienced 
epidemiologist (JF), were performed prior to the start of the survey, in both 
2007 and 2011. During the first two examination days, clinical data collected 
from the same children by both examiners were discussed by them and the 
supervisor until minor or no differences were detected between the two 
examiners in five consecutively examined children. Reliability of the collected 
data was assessed through inter-examiner consistency tests. In 2007 and  
 
Table 2.1 Diagnostic index for assessing dental caries in primary dentitions  
 
Code Description 
A Sound surface 
B Early enamel lesion. White/opaque or brownish/dark lesion in enamel only, including 
loss of tooth surface; considered being active or inactive  
C 
Carious lesion involving the dentine slightly; lesion cannot be penetrated with CPI 
probe 
D Dentinal lesion; lesion can be penetrated with CPI probe  
E Dentinal lesion: pulp possibly or definitely exposed 
F Restoration 
G Sealant 
H Missing due to caries 
d
2
=includes caries codes B, C, D, E; d
3
=includes caries codes C, D, E 
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2011, 89 and 92 children were re-examined, respectively. The 
kappa-coefficient values for inter-examiner consistency in assessing all caries 
codes separately at surface level were 0.71 in 2007 and 0.77 in 2011.  
 
2.5 Statistical analysis 
The data were analysed by a statistician using SAS version 9.2. The 
d2-component consisted of caries codes B to E, whereas the  d3-component 
consisted of caries codes C to E. Differences between dependent (caries 
indices and caries prevalence) and independent (age, gender and year of 
observation) variables were tested, using ANOVA. The difference in 
outcomes of dependent variables by age for year of observation was tested, 
using t-test. The Chi-square test was used for testing difference in age 
distribution and plaque accumulation by year of observation. A statistically 
significant difference was set at α=0.05. 
 
3. Results 
 
3.1 Disposition of subjects 
Table 2.2 shows the distribution of Grade 2 chi ldren in 2007 and 2011 by age 
and by gender. A statistically significant difference in the distribution of the 
age of the chi ldren was present in the 2007- and 2011-sample (p<0.0001). In 
2011 the proportion of 6-year olds was lower and the proportion of 7-year olds 
was higher. The 2007-sample consisted of 991, and the 2011-sample of 1114 
children aged 6- to 8-years. The majority of the Grade 2 children (82.4% in 
2007 and 90.7% in 2011) were 7 years old. No statistically significant 
difference was observed between boys and girls in 2007 and 2011. 
 
3.2 Effects on dental caries indices scores 
The prevalence of dental caries (d3mft) was 68.3% in 2007 and 67.2% in 2011. 
No gender or age effect was observed on the mean d2mft, d3mft and d2mfs, 
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Table 2.2 Distribution of Grade 2 children by age and gender in 2007 and   
2011  
 
Age(yr) 
2007   2011 
Boys 
  N（%） 
Girls 
  N（%） 
 
Boys 
  N（%） 
Girls 
  N（%） 
6   48 ( 4.8)  68 ( 6.9)   12 ( 1.1)  37 ( 3.3) 
7  446 (45.0) 371 (37.4)  577 (51.8) 433 (38.9) 
8   42 ( 4.2)  16 ( 1.6)   41 ( 3.7)  14 ( 1.3) 
Total  536 (54.1)    455 (45.9)  630 (56.6) 484 (43.4) 
 
d3mfs scores, those of the individual components or on the prevalence of 
dental caries in primary dentitions. Table 2.3 presents the mean and standard 
deviation scores of the d2mft, d3mft and d2mfs, d3mfs indices, and the 
prevalence of dental caries in 2007 and 2011, corrected for age and gender. 
At tooth level, an effect of year of observation was observed for the mean d2t- 
(carious lesions in both enamel and dentine) (p<0.001), the ft- (p=0.001), the 
d2mft- (p<0.001) scores and the prevalence of d2mft (p<0.001). Lower mean 
scores were found for these variables in 2011, except for the ft -component, 
whose mean score was higher in 2011 than in 2007. At tooth surface level, an 
effect of year of observation was observed for all the mean d2mfs and d3mfs 
and their individual component scores, except for the ms-component (p=0.14). 
Higher mean scores were found for these caries index variables in 2011 than 
in 2007.  
The d2-component of the dmft index was 80% and 71% in 2007 and 2011, 
respectively while the d3-component was 75% in 2007 and 68% in 2011. The 
f-component of the dmft index was 21% in 2007 and 26% in 2011. 
As a statistically significant difference in the distribution of the ages of the 
children was present between the 2007 and 2011 samples, the mean and SD 
scores of the dmft and dmfs indices, the individual components and caries 
prevalence by age are shown in Table 2.4. No statistically significant 
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differences were observed in the number of teeth and tooth surfaces 
examined according to age in 2007 and 2011. For the 6- and 8-year-olds, no 
statistically significant difference was found in mean scores of all caries 
indices and caries prevalence between 2007 and 2011. For 7-year-olds, at 
tooth level, the mean score of d2t- (p<0.001), that of d2mft- (p=0.005) and the 
prevalence of d2mft (p<0.001) was statistically significantly lower in 2011 than 
in 2007. In contrast, the mean d3mft- (p=0.04) and the mean ft- scores 
(p=0.003) were statistically significantly higher in 2011 than in 2007. At tooth 
surface level amongst 7-year olds, the mean scores of the d2,3mfs index and 
the individual components were statistically significantly higher in 2011 than in  
2007 (p<0.01), except for the mean m-score (p=0.25).  
 
3.3 Effects on dental plaque accumulation 
Table 2.5 shows the prevalence of plaque accumulation scores by year of 
observation. A statistically significant difference was observed between the 
distribution of plaque accumulation in children in the 2007- and 2011-sample 
(p<0.0001). The proportion of chi ldren with code 3 was higher in 2011 (21.8%) 
than in age mates in 2007 (5.7%), and the prevalence of those with code 1 
was lower in 2011 (18.1%) than for their peers in 2007 (31.0%).  
 
Table 2.5Distribution of children(%) with plaque scores by year of observation 
N=number of children 
 
Plaque score 
2007 
N (%) 
2011 
N (%) 
0 18 (1.8) 5 (0.5) 
1 307 (31.0) 200 (18.1) 
2 610 (61.6) 661 (59.7) 
3 56 (5.7) 242 (21.8) 
 34 
 
Table 2.3 Mean and Standard Deviation (SD) of the dmft/s index, its  
components and caries prevalence of grade 2 children in 2007 and 
2011 
 
 
 t-level  
  
s-level 
 
 
2007 
Mean±SD 
2011 
Mean±SD 
 
P 
 
 
2007 
Mean±SD 
2011 
Mean±SD 
P 
n 13.8±2.3 13.6±2.5 0.37  63.0±9.3 62.3±10.5 0.38 
d2mf 4.0±3.4 3.5±3.6 <0.001  6.7±7.0 7.9±10.0 0.002 
d3mf 2.8±3.0 3.1±3.4 0.09  5.0±6.3 7.3±9.6 <0.001 
d2 3.2±3.1 2.5±3.1 <0.001  5.0±6.0 5.9±8.8 0.02 
d3 2.1±2.5 2.1±2.9 0.64  3.4±5.2 5.3±8.5 <0.001 
m 0.2±0.5 0.1±0.5 0.23  0.4±1.4 0.3±1.1 0.14 
f 0.6±1.2 0.8±1.6 0.001  1.2±2.7 1.7±3.5 <0.001 
Prevalence 
-d2mf(%) 
78.5 71.0 <0.001     
Prevalence 
-d3mf(%) 
68.3 67.2 0.57     
n=number of teeth or surface; d2=includes caries codes B,C,D,E; d3=includes caries codes C,D,E  
P=p-value from ANOVA test with correction for gender and age  
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Table 2.4 Mean and Standard Deviation (SD) of dmft/s index, its components and caries prevalence of Grade 2 children by age in  
2007 and 2011 
 
Age 
(yrs) 
   6        7        8    
  t-level    s-level    t-level    s-level    t-level    s-level  
 2007 
Mean±SD 
2011 
Mean±SD p  
2007 
Mean±SD 
2011 
Mean±SD p  
2007 
Mean±SD 
2011 
Mean±SD p  
2007 
Mean±SD 
2011 
Mean±SD p  
2007 
Mean±SD 
2011 
Mean±SD p  
2007 
Mean±SD 
2011 
Mean±SD p 
n 14.8±2.3 15.3±2.5 0.23  67.1±9.5 69.0±9.9 0.23  13.7±2.3 13.6±2.5 0.23  62.7±9.2 62.1±10.6 0.24     12.8±1.7 12.8±1.7 0.89  59.0±7.2 59.1±7.2 0.95 
d2mf 4.0±3.7 3.0±3.9 0.15  6.5±7.1 6.7±10.0 0.90  4.0±3.4 3.5±3.6 0.005  6.6±6.8 8.0±9.8 0.001  4.3±3.4 3.5±3.8 0.24  7.7±8.4 8.4±12.0 0.74 
d3mf 2.8±3.2 2.7±3.5 0.96  4.9±6.6 6.2±9.6 0.29  2.8±2.9 3.1±3.3 0.04  5.0±6.1 7.3±9.5 <0.001  3.3±3.1 3.0±3.8 0.67  6.3±8.1 7.8±12.0 0.42 
d2 3.3±3.1 2.3±3.4 0.08  5.0±5.8 5.3±9.2 0.81  3.2±3.0 2.6±3.1 <0.001  5.0±5.8 5.9±8.6 0.01  3.5±3.3 2.4±3.4 0.08  5.8±7.7 6.0±11.4 0.89 
d3 2.1±2.6 2.0±3.0 0.88  3.4±5.2 4.9±8.7 0.18  2.0±2.5 2.1±2.8 0.37  3.3±5.1 5.3±8.4 <0.001  2.5±3.0 1.9±3.3 0.32  4.3±7.4 5.5±11.3 0.53 
m 0.1±0.5 0.1±0.3 0.30  0.3±1.2 0.1±0.8 0.27  0.2±0.5 0.1±0.5 0.37  0.4±1.4 0.3±1.2 0.25  0.2±0.6 0.1±0.4 0.62  0.4±1.4 0.3±0.9 0.52 
f 0.6±1.2 0.7±1.5 0.60  1.1±2.3 1.2±2.9 0.84  0.6±1.2 0.8±1.6 0.003  1.2±2.6 1.7±3.5 <0.001  0.6±1.4 1.0±2.0 0.26  1.5±4.2 2.1±4.1 0.47 
Prevalence 
-d2mf(%) 
77.6 66.7 0.10      78.5 71.4 <0.001      81.0 67.3 0.10     
Prevalence 
-d3mf(%) 67.2 62.5 0.46      68.2 67.7 0.84      72.4 61.8 0.23     
n=number of teeth or surfaces; d2=includes caries codes B,C,D,E; d3=includes caries codes C,D,E; P=p-value from t-test 
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4. Discussion 
 
4.1 Methodology 
Considering that over the past decades the economy in China has increased 
steadily, leading to an increase in the purchasing power of millions of Chinese 
people, that the per capita sugar consumption has increased tremendously 
and that the traditional diet is undergoing changes towards availability of more 
processed foods, warrants monitoring of the prevalence and severity of dental 
caries, particularly in young children. It is, therefore, not unlikely to think that a 
cohort effect in caries prevalence might be present in the society of China. 
Estimation of cohort effects in primary dentitions is difficult to perform because 
of the very short life of primary teeth, unless one starts the monitoring process 
at a very early age. The second-best option for monitoring an upward trend in 
caries prevalence in children of school going age, therefore, is through the use 
of a time-lag study design, as was performed in the present study. A 
disadvantage of the time-lag study design for detecting cohort effects is the 
confounding with period effects15. Attempts to control period effects in the 
present study involved testing the level of reproducibility of examiners in 
scoring carious lesions and related conditions, through the inter -examiner 
consistency tests at tooth surface level. According to Landis and Koch20, the 
outcome of these tests showed a substantial level of agreement in both 
observation years (periods). 
Despite the fact that the quality of the data obtained in both periods seems 
to be sufficiently high, systematic differences between the examiners in 2007 
and subsequently, in 2011 cannot be excluded. However, such differences 
cannot be calculated. The fact that the same senior epidemiologist trained the 
examiners in 2007 and 2011 for each survey adds support to the assumption 
that the data in the present study are reliable. As the cohorts of children had 
been selected in a convenient way for participation in a sealant trial, the 
external validity of the present study is very low. 
 
4.2 Outcomes 
The prevalence and experience of dental caries (cavitated dentine lesions) 
in primary dentitions in these children was not different in any of the years of 
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observation while the prevalence and experience of dental caries, including 
enamel and dentine lesions, was lower in 2011 than in 2007. The hypothesis 
was not accepted. Nevertheless, between 2007 and 2011 a few remarkable 
changes in the carious lesion pattern in this type of dentition were noticed. In 
2011 significantly more primary teeth with enamel carious lesions and more 
restored primary teeth were observed than 4 years earlier. At the tooth surface 
level, significantly more, or extended, enamel carious lesions, dentine cavities 
and restorations per primary tooth were observed in the dentitions of all 
children examined in 2011 than in 2007. These significant effects were equal to 
those observed in 7- year-old children. Whether these findings are signs that 
the dental caries situation in primary dentitions of children had worsened at 
tooth surface level between those two calendar years cannot be concluded 
from the present study. However, these findings support the monitoring of the 
prevalence and severity of dental caries in primary dentitions in chi ld 
populations in this area of Wuhan, and elsewhere in China, in the years to 
come, using a mixed-longitudinal design starting for example at age 4.  
The finding that the proportion of children with a plaque code 3 on 
permanent teeth was significantly higher in 2011 than in 2007 should, therefore, 
be taken seriously. This observation can, however, not be used as a reason for 
explaining the higher or extended enamel carious lesions found in tooth 
surfaces of primary teeth between the two observation years.  
Proportionally, more cavities in primary teeth were restored in 2011 than in 
2007. Exactly what factors may have contributed to this finding is unknown. 
However, amongst them might be the introduction around 2007 of the 
insurance system including a dental scheme7, increased dental awareness of 
the parents5 and the presence of a higher number of dental graduates and 
dental practices in the area in later years. 
The mean d3mft scores of 2.8 (2007) and 3.1 (2011) of the 6 - to 
8-year-olds in the present study appear to be somewhat lower than the mean 
d3mft score (4.1) for 6-7-year-olds of the same district of Wuhan City in 2000
12. 
No reasons explaining the different scores reported for the severity of dental 
caries in primary dentitions of children in this district could be found, other than 
the use of different caries assessment criteria, different examiners and, most 
probably, a slightly lower age group (which is important in an age-related 
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disease like dental caries).  
Regardless of the presence or absence of signs indicating that dental 
caries is on the increase in young children in Wuhan City, the fact that most of 
the decayed primary teeth had not been treated is a concern that the health 
and educational authorities should take seriously. There is, for example, no 
organized school oral health programme in operation in this study area that is 
so close to the Dental School. Neither is oral health included in health 
education programmes at maternity and child healthcare centers. A national 
survey reported that 47% of the 12- and 18-year old participants had never 
received any oral health care instruction4. Educating the public about good oral 
health behavior and screening young children for obvious signs of disease is 
essential for curbing carious lesion progression, and this can be done by 
non-dental personnel. It requires, however, a change in the policy of oral care 
provision in the country.  
 
5. Conclusions 
In conclusion, the prevalence of dental caries (cavitated dentine lesions) and 
its severity in primary dentitions was as high in 2007 as it was in 2011. The 
d-component was equally high in both years of observation, while the 
f-component was proportionally higher in 2011 than in 2007. Mean caries 
experience scores at surface level were higher in 2011 than in 2007. Overall, 
there were no obvious signs that dental caries prevalence was on the increase 
in primary dentitions of this child population between 2007 and 2011. 
Monitoring caries prevalence is essential and should start at an earlier age 
than this study covered. Health and educational authorities should collaborate 
in setting up programmes aimed at ensuring good oral health for school 
children. 
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CHAPTER 3 
 
 
 
 
 
What happens to cavitated primary teeth over time? A 3.5-year 
prospective cohort study in China 
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Abstract – Objectives: Data showed that among 5-year-old Chinese, 96.7% of 
cavitated primary teeth were left untreated. The study aimed to report on the 
course of cavitated primary teeth within the Chinese healthcare system over a 
period of 3.5-years. Methods: Selection of high caries risk children for inclusion 
in a sealant comparison study was based on cavitated dentine lesion presence 
in their primary teeth. At the 6-month sealant evaluation point many of these 
cavitated dentine lesions had not been treated. This necessitated monitoring 
these cavitated teeth 6-monthly for those exfoliated, restored, with a cavity left 
open, having caused toothache (symptom) and having (had) an abscess or 
fistulae (symptom). Care-seeking instruction was given at every evaluation 
point. The ANOVA and t-test were used in analysing the data. Results: A total 
of 1012 cavitated primary teeth in 305 children (7.6-9.3-years-old), were 
followed for 3.5 years. A total of 92.9% of cavitated primary teeth were left 
open, while 7.1% were restored at some stage during the observation period. 
98.5% of restored and 95.5% of cavitated teeth left open exfoliated, and 93.9% 
of restored teeth and 81.5% of cavitated primary teeth left open exfoliated 
without any symptoms. Having (or having had) toothache was the symptom 
most frequently related to exfoliated restored teeth and to exfoliated cavitated 
teeth left open. Restored primary teeth survived statistically significantly longer 
than cavitated primary teeth left open: 1.99±0.07 and 1.68±0.03 years, 
respectively. Conclusion: The large majority of cavitated primary teeth in this 
child population exfoliated without symptoms. A higher proportion of cavitated 
teeth left open exfoliated with symptoms than cavitated teeth that had been 
restored. 
 
 43 
 
 
1. Introduction 
Data from the three National Oral Health Surveys of 1983, 1995 and 2005, with 
a correction for the change in methodology used in the 2005-survey, show a 
relatively stable high prevalence and high severity of dental caries among 
5-year-olds and a relatively stable low prevalence and low severity of dental 
caries among 12-year-olds1. This stable situation is expected to deteriorate in 
the years to come, as the continuous economic progress and the improvement 
in living standards in China may lead to a change in diet and subsequently, to 
an increase in carious lesion development in the population, particularly in the 
young.  
In China oral care is offered in private and public dental clinics. People 
usually visit a dentist when they have a dental problem. Dental-mindedness is 
not much developed yet. Regular dental check-up visits are therefore relatively 
rare2. Data for China show that 96.7% of cavitated primary teeth among 
5-year-olds were left untreated3. Currently, oral healthcare is more directed 
toward curing than to preventing diseases2, 3. This situation may change in 
future as prevention has received more emphasis in the dental curricula of 
training institutions. The fact that many dentists have been trained in the last 
decades, increasing the ratio of dentist to individual from 1:100.000 in 1985 to 
1:12.636 in 20114 may also influence the situation. Furthermore, a number of 
medical insurance schemes have been introduced during the last decade, 
resulting in an increase in medical insurance coverage from 15% in 2003 to 
85% in 20082. Some of the insurance schemes operating in Wuhan City cover 
basic dental treatment for children and adults but the reimbursement rate is 
low.  
As the likelihood for a growing trend in carious lesion development in 
permanent teeth of young children in China is real and because using a 
sealant is the most effective carious lesion-preventive measure, a 4-year 
cost-effective sealant study started in Wuhan, Hubei Province, in 20085, 6. The 
sealant materials studied were a high-viscosity glass-ionomer (Ketac Molar 
Easymix) cured with and without a high-energy LED curing light, a 
glass-carbomer and a resin fissure (Clinpro). In the absence of a regular dental 
check-up pattern amongst Chinese children in general, the study was meant to 
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produce information regarding the sealant material that would best prevent 
carious lesions over a continuous period of 4 years. Sealants were placed in 
1st molars of 7-8 year-old caries-prone children at the premises of five primary 
schools situated in the vicinity close to the School of Stomatology in Wuhan. 
The study inclusion criteria included the presence of cavitated dentine carious 
lesions in primary teeth.  
At the time of placing the sealants, children were informed that they should 
ask their parents/caretakers to take them to the School of Stomatology, to have 
the cavitated teeth treated. Communicating such information to parents is 
normal practice in primary schools in China (personal communication). At the 6 
months sealant evaluation point, evaluators noticed that only a few primary 
teeth had been restored and that most of the children still had untreated 
cavitated primary teeth. As a consequence of the unexpected situation, the 
decision to monitor the development of these cavitated primary teeth was 
made.  
The aim of the present study is to report on the course of cavitated primary 
teeth within the Chinese healthcare system over an observational period of 3.5 
years.  
 
2. Materials and methods 
 
2.1 Sealant Study 
The methodology used to carry out the sealant study is described in detail by 
Chen et al6. Per included child, all 1st permanent molars with eligible pits and 
fissures were sealed according to one of the four sealant procedures. Children 
received instructions about good oral health behaviour at the beginning of the 
study (epidemiological survey), before the start of the sealant procedure and 
after every sealant evaluation point (6 months, 1- to 4 years annually). 
Final-year dental students showed them, on an individual basis, how to clean 
their teeth. At baseline, operators provided emergency treatment to children 
with painful primary and permanent teeth.  
The sealant trial was approved by the Research Ethics Committee of 
Wuhan University, Reference No. 200704, and was registered at the Dutch 
Trial Registration Centre, with Reference Number 1411. Parents or guardians 
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of all included children received and signed an informed consent form 
explaining the nature of the investigation. The trial has been conducted in full 
accordance with the World Medical Association Declaration of Helsinki. 
 
2.2 Evaluation observational study 
The 6-month sealant evaluation took place in November 2008. Evaluators 
noticed that most of the children still had primary teeth with open cavities. Then 
the decision was made to record all open cavitated dentine carious lesions 
present at that moment, record toothache (whether present at the time of 
evaluation or if it had taken place in the preceding period and had 
disappeared), abscesses and fistulae. Furthermore, chi ldren were instructed to 
tell their parents to take them to a dental clinic for treatment.  
The follow-up evaluations of the status of the initially open cavities took 
place twice a year, with the last one being performed after 3.5 years. At each 
evaluation point children were asked, by XC and XH during the first 2 years 
and by JF and XH during the remaining 1.5 years, whether a particular 
cavitated dentine carious lesion was painful at that moment or had been 
painful during the preceding months and had disappeared. Children having (or 
having had) study teeth with symptoms (toothache, abscess or fistulae) were 
told to inform their parents to take them to a private dentist or to the outpatient 
department of the academic dental hospital for treatment. Children whose 
cavitated tooth was missing after the previous evaluation were asked whether 
the tooth had been extracted for reasons such as toothache, abscess or 
fistulae, or whether the tooth had been exfoliated. A cavitated tooth extracted 
because it was loose was considered exfoliated. The examinations regarding 
open cavities were performed in a classroom under natural light, using a 
standard number 5 mouth mirror. Oral hygiene instructions were provided at 
every evaluation point. 
 
2.3 Statistical analysis 
Data were entered on an excel sheet and analysed by a biostatistician using 
SAS software, version 9.2. Straightforward calculations were performed. 
Toothache, and presence of an abscess or fistulae, whether being present at 
the time of evaluation or had occurred between two evaluation periods, were 
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considered symptoms. In cases where a cavitated tooth was painful and the 
tooth also had an abscess/fistula, the abscess/fistula was considered to be the 
symptom. In cases of restored teeth, symptoms developed after the restoration, 
were considered. ANOVA and t-tests were used to test for significant 
differences between the independent variables restored and unrestored 
cavitated primary teeth, age at baseline (7, 8 and 9 years), gender, tooth type 
(canine, first and the second primary molar) and the dependent variable tooth 
survival period (years). Statistical significance was set at α=5%.  
 
3. Results 
 
3.1 Basic calculations  
Cavitated primary teeth included canines, and primary and secondary molars. 
The flow diagram showing the course of cavitated dentine carious lesions in 
primary teeth over the 3.5 year observation period is presented in Figure 3.1. 
In total 1012 primary teeth, each having a cavitated dentine carious lesion, 
from 305 children with a mean age of 8 years (range 7.6-9.3 years) were 
included in the observational study. Most of the cavitated primary teeth (86.2%) 
were in 8-year-olds. The loss-to-follow-up of cavitated primary teeth over the 
3.5 years period was 2.2%. At the 3.5 year evaluation point, 4% of the initially 
included cavitated primary teeth were still in position. 
 
 
Table 3.1 Distribution of symptoms (reported by the child between interval  
periods and those observed at the evaluation points) present before 
tooth exfoliation related to restored and cavitated teeth left open 
 
 
Toothache 
N (%) 
Swelling 
N (%) 
Fistulae 
N (%) 
Combination 
N (%) 
  Total 
   N (%) 
Restored   4 (100) 0 (0) 0 (0) 0 (0)    4 (100) 
Left open 141 (90.3) 8 (5.1) 3 (2.0) 4 (2.6)  156 (100) 
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3.2 Course of teeth with cavitated dentine carious lesions over 3.5 years 
A total of 92.9% of the cavitated primary teeth were left open, while 7.1% of the 
initially cavitated teeth were restored at some stage during the total 
observation period. Of the restored teeth, 98.5% exfoliated. Cavitated teeth left 
open exfoliated in 95.5% of the cases. The large majority of restored and 
cavitated primary teeth left open exfoliated without symptoms: 93.9% and 
81.5% respectively, during the observation period. No statistically significant 
difference was observed in exfoliated and extracted primary teeth between 
those that had been restored and those left open (p=0.35).  
A total of 4.5 % of the cavitated primary teeth left open had been extracted 
due to symptoms associated with these cavitated teeth at some time during the 
observation period. A statistically significant difference was observed in the 
presence of symptoms at the time of exfoliation between restored and 
cavitated teeth left open (p=0.01). Table 3.1 shows the percentage distribution 
of types of symptoms for restored and untreated primary teeth. The main 
symptom observed in both groups was toothache. The distribution of 
toothache over those actually observed by the evaluators at the evaluation 
point and those that had occurred between two eva luation periods and had 
disappeared, was not recorded. 
The percentage distribution of the presence of a symptom related to 
restored and unrestored cavitated teeth at the last evaluation point before 
tooth exfoliation is presented in Table 3.2. The majority of cavitated teeth left 
open with a symptom (43%) had that symptom at the last evaluation point 
before the tooth was recorded as having been exfoliated.  
 
3.3 Survival of cavitated dentine carious lesions restored and those left 
open 
The mean survival period and standard error for exfoliated restored teeth and 
exfoliated cavitated teeth left open was 1.99 ± 0.07 years and 1.68 ± 0.03 
years, respectively. The difference was statistically significant (p=0.002). 
Restored primary teeth survived statistically significantly longer than cavitated 
primary teeth left open. Testing for gender, age at baseline and tooth type on 
the mean survival period of restored and left unrestored teeth showed a 
gender (p<0.001), age (p<0.001) and tooth type effect (p<0.001). A longer  
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Table 3.2 The percentage distribution of the presence of a symptom (reported 
by the chi ld between interval periods and those observed at the 
evaluation points) related to restored and unrestored cavitated 
teeth at the last evaluation point before tooth exfoliation. (0.5 is the 
last and 3.5 is the first evaluation point before exfoliation was 
recorded). N=number of exfoliated teeth with symptoms 
 
Cavitated 
primary teeth 
0.5 1.0 1.5 2 2.5 3 3.5 Total 
Unrestored (N) 43 23 13 10 5 4 2 156 
Restored (N) 50 25 25 0 0 0 0 4 
 
 
survival time of both exfoliated restored and exfoliated cavitated teeth left open 
was observed in girls and younger children, and in canines and 1st primary 
molars. 
 
4. Discussion 
 
4.1 Methodology 
To our knowledge, this is the first time that the course of primary teeth having a 
cavitated dentine carious lesion has been investigated through a prospective 
cohort study design. Prospective cohort studies are considered more ideal for 
investigating the natural course of disease over time when randomization is 
either ethically or practically restricted. They are higher ranked in the hierarchy 
of evidence than retrospective studies7.  
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Figure 3.1 The flow diagram of the course of open cavitated dentine carious lesions in primary canine and molar teeth over the 3.5  
years observation period
Cavitated primary teeth 
N=1012 (100%) 
Teeth available for follow-up     
N=949 (93.8%) 
Teeth still in position at 3.5 years  
N=41 (4.0%) 
Teeth lost-to-follow-up  
N=22 (2.2%) 
Cavity restored 
N=67 (7.1%) 
Cavity left open 
N=882 (92.9%) 
Exfoliated 
N=66 (98.5%) 
Extracted 
N=1 (1.5%) 
Extracted 
N=40 (4.5%) 
Exfoliated 
N=842 (95.5%) 
Symptomless 
N=62 (93.9%) 
Symptom 
N=4 (6.1%) 
Symptomless 
N=686 (81.5%) 
Symptom 
N=156 (18.5%) 
 
Primary canines and molars 
with open cavitated carious 
lesion into dentine  
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Data collection consisted of asking children if they had toothache at the 
time of evaluation and for the history of toothache, abscess and/or fistulae 
during the interval preceding that evaluation. It is very possible that children did 
not remember all events that have happened in the past, Therefore, it is 
possible that children under- or over-report events such as toothache. This 
assumption has some relevance as most of the toothache reported had 
occurred during the evaluation interval and was scarcely present at the time of 
evaluation. However, the manner in which they responded to the questions 
regarding the presence of symptoms and to the one relating to whether a 
cavitated tooth was extracted or exfoliated was, in most cases straightforward, 
without raising much doubts in the mind of examiners.  
To minimize information loss, half-yearly intervals between monitoring 
were applied instead of the usual annual ones. Initially there was concern 
about whether children would be able to locate the cavitated tooth with a 
symptom, especially in situations where more than one cavitated tooth per 
quadrant would be present. However, only very few children were confused 
regarding the location of cavitated teeth that had a symptom. It was assumed, 
therefore, that the data collected for symptoms, extraction and exfoliation were 
reasonably accurate.  
We did not differentiate between toothache present at the time of 
evaluation and those that had occurred in the preceding interval period and 
had disappeared when the child was evaluated again. However, examiners 
remember that a relatively small proportion of children reported toothache at 
the time of evaluation. Parents were urged to seek dental care for these 
children at a private dentist or at the outpatient department of the academic 
hospital. According to the schools’ health teachers, informing parents about 
minor ailments, such as dental caries, through their children is common 
practice in the primary schools where the study took place.  
 
4.2 Outcomes 
It had been reported that a large proportion of cavitated primary teeth in Hubei 
Province, China, went untreated: 93.5% amongst 5-year olds in Hubei 
Province9 and 76.7% in a somewhat older group of 6-7-year olds in Wuhan 
City10. The outcome of the present study: that 92.9% of cavitated primary teeth 
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in, on average, 8-year olds, had not been treated is in line with the findings of 
the epidemiological surveys mentioned above. The fact that such a high 
proportion of cavitated primary teeth have not been treated may for a large part 
be due to the priority given to care for permanent dentitions, which is 
understandable in a society with an insufficient number of dental personnel, 
insufficient coverage and availability of funds for dental care within the medical 
insurance schemes. This coupled with the low level of understanding of the 
importance of preventive oral care in the population at large, who are used to 
visiting the dentist for emergency care only. For example, insurance schemes, 
whether privately purchased or obtained as a mandatory employment benefit 
in Wuhan only became available for the public from October 2007 onwards. 
Initially, these schemes were unable to cover all medical/dental expenditure 
but allocated funds have gradually increased over the years, making 
medical/dental care more affordable and thus more accessible for Wuhan 
citizens.  
That 81.5% of primary teeth with cavities left open exfoliated without a sign 
of symptoms is remarkable. This finding matches the outcome of the 
retrospective studies by Levine et al10 and Tickle et al11. For some the findings 
of the present study may indicate that the practice of directing the limited 
resources of oral healthcare to permanent dentitions and providing only 
emergency care for primary teeth, should continue. However, it can be argued 
that children have the right to receive appropriate preventive and curative 
care3, that children should be kept free from preventable oral diseases and that 
cavitated dentine carious lesions should be treated appropriately. 
Another remarkable finding was that the proportion of exfoliated restored 
teeth, with and without sign of symptoms, did not differ from that of cavitated 
teeth left open. This outcome questions the necessity of restoring all cavitated 
primary teeth, as was recently put forward for debate12. In that opinion paper, 
an important aspect related to increasing the exfoliation of cavitated teeth left 
open without symptoms was suggested. From a cariological point of view, 
arresting carious lesion progression in open tooth cavities is possible if plaque 
is removed daily from accessible tooth cavities with fluoride-containing 
toothpaste and/or through regular application of fluoride gel and/or fluoride 
varnish. This preventive treatment approach was indeed able to arrest carious 
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lesion progression in a large proportion of primary teeth of 3-6-year-olds over a 
3-year period13. Another carious lesion arresting protocol for use in primary 
dentitions, called ultra-conservative treatment (UCT), has recently been 
investigated14. In this protocol, small tooth cavities were restored according to 
the ART approach: medium-sized cavities were widened and these and 
large-sized cavities were kept plaque-free with toothbrushes and toothpaste. 
The survival of primary teeth treated according to the UCT-protocol was no 
different from that of cavitated primary teeth treated according to the 
conservative treatment protocol with amalgam and the ART protocol in initially 
6-7-year olds after 2 years14. Evidence is emerging that cleaning accessible 
tooth cavities with toothbrushes and a fluoride-containing toothpaste, with or 
without additional fluoride gel or varnish application, can ensure tooth 
exfoliation without major problems, as would have been the case if these teeth 
had been restored.  
The world has an enormous dental problem in the fact that the large 
majority of cavitated primary teeth go untreated15. The problem has, 
furthermore, existed for many decades. It is known that carious lesion 
development can be prevented. Therefore, all efforts should be directed 
towards having appropriate plaque, fluoride and diet control measures in place. 
However, embarking mainly on prevention and promotion to curb the problem 
of untreated cavitated lesions, and placing insufficient emphasis on the 
provision of dental care, as some have advocated, ignores reality16. However, 
this reality is also ignored by those who consider restorative care, preferably 
through conventional treatment using amalgam and/or resin-based material, 
even under general anaesthesia, as the only way forward for managing 
cavitated dentine carious lesions in primary teeth17. Clearly conventional 
restorative treatment has failed to manage dental caries in primary teeth, 
worldwide. Therefore, restorative care should be considered one option for 
treating cavitated primary teeth, and the conventional treatment should be 
considered one of the restorative care options. Other viable treatment options 
are the ART approach18, 19, the Hall technique12, 19 Silver Diamine Fluoride 
(SDF) application19 and the non-restorative cavity treatment (NRCT)20. ART 
restorations have been compared to amalgam restorations in primary teeth 
and found to have performed equally well21, while the Hall technique, SDF and 
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the NRCT require further investigation because of the insufficient number of 
studies undertaken to determine their value for general use19. Removing 
plaque from places relatively difficult to access, such as open cavities in the 
UCT-protocol14, may have the added benefit that children and parents improve 
their dexterity in cleaning teeth, which positive effect may continue as they 
grow older. This option requires further investigation.   
In the present study, restored primary teeth survived longer than cavitated 
teeth left open. This finding is in line with the outcome of the analyses from 
treatment records of British general practitioners22. Premature loss of primary 
molars may negatively affect the eruption and alignment of permanent teeth23. 
It reinforces the need for preventive oral health action right from the start of 
tooth emergence. 
Efforts should be made to prevent tooth cavities in primary teeth. In one 
study untreated cavitated teeth affected the quality of lives of Brazi lian 6 -7 
year-olds, but not as much as toothache or a history of extraction did24. The 
symptom most frequently related at one point in time to exfoliation of restored 
teeth and to cavitated teeth left open in the present study was toothache. The 
same result was found in a study that investigated the occurrence of dental 
pain and extractions25. Another retrospective study revealed that a higher risk 
of pain was associated with the development of carious lesions in younger 
patients26. This indicates that age might be an important factor affecting 
decisions about whether a cavitated primary tooth should be restored or 
cleaned, and this aspect requires further investigation. 
In China many people cannot afford dental treatment: over 85% of the total 
expense is paid by the patients themselves, and the conventional symptomatic 
and restorative approach is extremely costly for individuals and for the society 
as a whole2,3,27. As resources for oral healthcare in China are limited, it is 
important for local policymakers to have a good understanding of the major 
basic health problem within the society. Therefore, we support the plea made 
by Hu et al3 ‘Policy should be developed to emphasize dental prevention and 
insurance reimbursement for preventive services’. As in other global 
communities, preventing carious lesion development should start when the 
first tooth has emerged.  
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5. Conclusion 
Only 7.1% of the cavitated primary teeth had been restored in the course of the 
3.5-year observation period. The large majority (81.5%) of cavitated primary 
teeth in this child population of, on average 8-year-olds, exfoliated without 
symptoms. Toothache, as reported by the child during evaluation periods and 
those observed at the  evaluation points, was the symptom most frequently 
related both to exfoliated restored teeth and to exfoliated cavitated teeth left 
open. A higher proportion of cavitated teeth left open exfoliated with symptoms 
than cavitated teeth that had been restored. 
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Comparison between visual clinical examination and replica 
method assessments of sealant retention over a 2 year period 
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Abstract – Objectives: To compare the level of agreement and the survival 
rate of sealant retention of different sealing materials over a two-year period, 
assessed through the visual clinical examination and replica methods, using 
gypsum. Methods: Sealant retention data were obtained from clinical 
examination and replicas from the same sealed tooth at baseline and at 0.5-, 
1- and 2-year evaluation points, of 307 children, and compared for agreement, 
using kappa-coefficients. Survival curves of retained sealants in occlusal 
surfaces were created, using modified categorization (fully retained and those 
having all pits and fissures partly covered with the sealant material versus 
completely lost sealants, that included those pits and fissures system that had 
≥1 pit re-exposed) according to the Kaplan-Meier method.  Results: The 
kappa-coefficient for the agreement test between both assessment methods 
over the combined three evaluation points was 0.38 (CI: 0.35-0.41). More 
sealant retention was observed from replicas than through visual clinical 
examination. Cumulative survival curves for the three evaluation times were 
not statistically significantly higher when assessed from replicas (p=0.47). The 
retention survival rate for resin-composite sealants was statistically 
significantly higher when assessed through the replica method than through 
the visual clinical examination at 2 years. Conclusions: More retained sealant 
material was observed through the replica method than through the visible 
clinical examination during the two years. At 2-years, the retention survival rate 
for resin-composite sealants was higher using the replica method than the 
visual clinical examination. The modified categorization of determining partially 
retained and completely lost sealant material appears more appropriate for 
calculating the survival rate of sealant retention than the commonly used 
traditional manner. 
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1. Introduction 
Sealants are effective not only in preventing carious lesion development1 but 
also in stopping its progression2. To maximize their effectiveness, sealants 
should be fully retained as long as possible3-5. Retention of a sealant is, among 
other factors, dependent upon the material used6, the preparation of pits and 
fissures7 and the training and experience of the operator8. The method 
predominantly used to assess sealant retention is visual clinical examination.  
Despite being carried out by trained and calibrated evaluators using 
artificial light, mirrors and probes, the visual clinical examination has a few 
shortcomings. The most noticeable one is the inability to recall/reassess an 
observation made earlier9. This is particularly frustrating in evaluation of 
retention of sealants over time. Other shortcomings include the relatively short 
time during which sealants are assessed, the light reflection of some materials 
that hinders proper visibility10 and the fatigue of the evaluators after a while, 
which may cause unreliable observations9. 
One way to overcome these shortcomings is to apply the replica method 
using die stone, which has been used successfully for evaluating restorations11, 
12, detecting developmental defects of enamel13 and measuring cement 
thickness of placed crowns14. However, this method has rarely been used for 
assessing retention of dental sealants15. Cast in epoxy resin, it has been used 
to detect remnants of sealant materials in pits and fissures in a restricted 
number of sealed teeth16. The main advantage of using the replica method is 
the permanent availability of a set of models that allows the evaluator to 
assess the level of retention at leisure, at a convenient time. It is thought to 
reduce operator fatigue and, consequently, observation bias. Furthermore, 
sets of models obtained during various evaluation time points can be assessed 
together at one point in time, which may improve the quality of the 
measurements. Moreover, cost may be reduced when the impression of a 
sealed tooth is taken by trained dental anci llary personnel. 
The replica method may, therefore, be more sensitive than the visual 
clinical examination in measuring the level of retention and degradation of 
dental sealants over time. However, only a few studies have compared the two 
methods with regard to sealant retention assessment over time17, 18. In those 
studies the impressions were cast with epoxy resin. No study appears to be 
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available in which the impressions have been cast with die stone. 
The present study aimed to compare the level of agreement and the 
survival rate of sealant retention of different sealing materials over a period of 
two years as assessed according to the visual clinical examination and the 
replica method using die stone.  
 
2. Materials and Methods 
 
2.1 Study Background 
Clinical data were obtained from a sealant trial in which four different sealant 
procedures were compared. The trial was conducted amongst 407 high caries 
risk children (age 7.0-9.1 years) in Wuhan, China, in 2008. Following study 
inclusion criteria, a total of 1352 first permanent molars were sealed by three 
operators. For more information on this trial, the reader is referred to Chen et 
al6. Parents or guardians of all included children had received and signed the 
informed consent form. The sealant study was approved by the Research 
Ethics Committee of Wuhan University, Reference No.200704, and was 
registered at the Dutch Trial Registration Centre, with Reference No.1411.  
 
2.2 Clinical Procedures 
The four sealant procedures are outlined below6.  
Group 1 Glass-ionomer: Ketac Molar Easymix® (3MESPE, Seefeld, Germany) 
was mixed according to the manufacturer’s instructions and applied on the 
tooth surface according to the standard protocol of the ART (Atrauma tic 
Restoration Treatment) sealant procedure.19 Group 2 Glass-ionomer plus 
added energy: Ketac Molar Easymix® (3MESPE, Seefeld, Germany), was 
mixed and manipulated as in Group 1. In addition, the sealant was cured for 60 
seconds after burnishing with a LED high energy (850 mV/cm2) curing light. 
Group 3 Glass-carbomer: A Glass Carbomer® (First Scientific Dental, 
Elmshorn, Germany) capsule was activated according to the product 
instruction, then applied on the tooth surface and covered with Glass 
Carbomer Surface Gloss held under finger pressure for 5-10 s. The sealant 
was light-cured for 75 s with the same LED light as that used in Group 2. 
Group 4 Resin-composite: Clinpro® (3MESPE, St, Pauls, Minneapolis, USA) 
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was placed on the pits and fissures following the steps described in the product 
instruction brochure. Proper occlusion of the sealed teeth was checked with 
articulating paper. Children in Groups 1 to 3 were told not to eat or drink for at 
least 1 hour.  
 
2.3 Visual clinical examination 
The coverage of the pits and fissures with sealant material was recorded at 
baseline. Clinical evaluation was performed after 0.5, 1 and 2 years by the 
same two calibrated and experienced independent evaluators6. The sealant 
retention criteria used are presented in Table 4.1. They were applied to assess 
each of the three sections (mesial-central-distal) in mandible teeth and each of 
the two sections (central and distal) of maxillary teeth into which the occlusal 
surface was arbitrarily divided. Before the examination, the sealed tooth 
surfaces were dried, using a piece of cotton tightly attached to the end of a 
stick. The examination site was well-illuminated by an intra-oral light attached 
to a mirror handle (Kudos, HongKong). 
 
 
Table 4.1 Evaluation criteria for assessing sealant retention through the visual 
clinical examination 
 
Code Description 
 Tooth is cleaned and dried with a cotton stick 
1 Pits and fissures completely covered with material 
2 Pits and fissures partly visible.  
Sharp fracture edge (creating plaque retention site) 
3 Pits and fissures partly visible.  
Crumbled fracture edge (not creating plaque retention site)  
4 Pits and fissures totally visible 
 If code 4 is recorded then pits and fissures are re-observed after 
blowing the tooth surface dry with compressed air. Code 4 can be 
then replaced by code 5 or 6  
5 Pits and fissures totally covered with remnants 
6 
7 
Pits and fissures partly covered with remnants 
Other treatment performed (new sealant or a restoration) 
9 Unable to diagnose 
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2.4 Evaluation using replica models 
At baseline and at each evaluation point an impression was taken of the right 
mandible first molar or, if that tooth had not been sealed, of the left mandible  
first molar. This was done for standardizing the evaluation of sealed teeth as 
much as possible. If none of these teeth had been sealed, an impression was 
taken from a sealed maxillary tooth.  
Children brushed their teeth under supervision of a dentist at the school 
compound before the impression was taken. In the chair, any remaining visible 
plaque was wiped away with a piece of gauze. Handling of impression material 
followed the Directions of Use (DoU) provided by the manufacturer. The light 
body impression material Express™ (3MESPE, Seefeld, Germany) was 
syringed onto the dried occlusal surface, carefully avoiding inclusion of air 
bubbles. At the same time, an assistant hand-mixed the silicone impression 
material Express™ STD Putty (3MESPE, Seefeld, Germany) and placed it in a 
partial dental impression tray. Then the tray was positioned over the syringed 
sealed tooth. After removal of the tray, the impressions were checked by two 
examiners for presence of voids, defects or air bubbles. If these were found, a 
new impression was taken. Thereafter, impressions were rinsed under tap 
water and cast, using the dental gypsum powder FUJIROCK® EP (GC, Tokyo, 
Japan) according to the manufacturers’ DoU. A CPI probe was placed on 
several spots in the gypsum to reduce air bubbles.  
All replicas from the same teeth taken at baseline and at the three 
evaluation points were lined up in time sequence for examination, which was 
performed during one week by 2 trained and calibrated examiners (HX and 
CX), who were not those who performed the visual clinical examination. 
Training and calibration sessions covered one day and were held in the 
well-illuminated Key Laboratory of the School of Stomatology of Wuhan 
University under supervision of two senior scientists (MCH and JF). The 
criteria used for assessing sealant retention from replicas were equal to those 
used in the clinical examination, excluding codes 5 and 6 (Table 4.1). These 
codes required air blowing which is not relevant when examining replicas. 
When necessary, evaluators used a loupe with magnification factor 3 to assess 
the presence of sealant material.  
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2.5 Quality of the data collected 
Evaluators were re-calibrated three times during the examination period, using 
40 pairs of replicas randomly selected each time for estimating intra -evaluator 
and inter-evaluator consistency. For the two evaluators the kappa-coefficient 
values for the intra-evaluator consistency calculation related to assessment of 
sealant retention from replicas were 0.72 and 0.80. The kappa-coefficient 
value for the inter-evaluator consistency calculation was 0.67. The 
kappa-coefficient values for the intra-evaluator consistency calculation of the 
visual clinical examination of the sealant trial were 0.89 and 0.93, and 0.62 for 
the inter-evaluator consistency calculation20. 
 
2.6 Statistical analysis 
Retention codes 5 and 6, scored in the visual clinical examination, were 
re-coded to code 4 in the analyses. The Kaplan-Meier method was used for 
creating survival curves, dichotomized into ‘completely and partially retained’, 
and ‘completely lost’, of the four types of sealants. This analysis was 
performed according to a modification of the commonly used traditional 
dichotomization. This modification consists of sealants ‘completely lost’ 
(combinations having at least a section with a code 4), and ‘completely 
retained sealants’ (retention code 1 for all three sections) and ‘partially 
retained’ sealants (retention codes with all other combinations in the sections) 6. 
T-test was used to test for the presence of significant differences between 
survival rates according to the visual clinical examination and the replica 
methods. A statistically significant difference was set at α=5%.  
 
3. Results 
  
3.1 Agreement between the two assessment methods 
Overall, a total of 370 chi ldren, with an observation of one and the same 
sealed tooth during the three evaluation times, participated in the study. The 
sample of replicas consisted for 81.3% of right mandible first molars, for 10.8% 
of left mandible first molars and for 7.9% of maxillary first molars. Missed 
observations occurred 15 times during the evaluation period. The 
kappa-coefficient values and 95% confidence interval of scoring levels of 
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retention of occlusal sealants for the two assessment methods and by time of 
evaluation are presented in Table 4.2, and by sealant procedure in Table 4.3. 
All kappa-coefficient values were substandard, indicating a low level of 
agreement between the two assessment methods after 0.5, 1 and 2 years.  
A higher level of sealant retention was observed from replicas than through 
visual clinical examination. Results show that partially retained sealants were 
scored in 6% of the cases according to the visual clinical examination, in 
comparison to 39% from replicas, while 15% of the sealants clinically scored 
as ‘completely lost’ were scored ‘partially retained’ from replicas.  
 
3.2 Survival of sealants 
The cumulative survival rates and standard errors of fully and partially retained 
occlusal sealants according to assessment method are presented in Table 4.4. 
There was no statistically significant difference in cumulative survival curves 
between the two assessment methods observed (p=0.47).  
The cumulative retention survival rates and standard errors by group of 
sealants over the 2 years assessment period are presented in Table 4.5. The 
retention survival rate for resin-composite sealants was statistically 
significantly higher when assessed through the replica method than through 
the visual clinical examination at 2 years (p<0.0001). No difference between 
the methods was observed for the other three groups at year 2. Although not 
statistically significantly different, except for group 2 at year 0.5, retention 
survival rates for the glass-ionomer sealant groups were higher when 
assessed through visual clinical examination than for replicas. The opposite 
was observed for the glass-carbomer and the resin-composite sealants.  
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Table 4.2 Reliability (kappa coefficient value and 95% confidence interval (CI) 
of scoring retention (completely and partial retained and completely 
disappeared) of occlusal sealants according to the modified 
categorization determination using the visual clinical examination 
and from replicas by time of evaluation. N= number of sealed teeth 
 
Time of 
evaluation (yrs) 
 
  N 
Modified categorization 
 Kappa    95% CI 
0.5  369  0.29     0.24-0.35 
1.0  369  0.38     0.33-0.44 
2.0  357  0.41     0.35-0.47 
Combined  1095  0.38     0.35-0.41 
 
 
 
Table 4.3 Reliability (kappa coefficient value and 95% confidence interval (CI) 
of scoring retention (completely and partial retained and completely 
disappeared) of occlusal sealants according to the modified 
categorization determination using the visual clinical examination and 
from replicas over three time points combined (0.5, 1 and 2 years) by 
group of sealants. N=number of sealed teeth; HVGIC=high-viscosity 
glass-ionomer 
 
Sealant 
procedures 
 
  N 
Modified categorization 
 Kappa     95% CI 
HVGIC  258   0.33     0.27-0.40 
HVGIC + LED  287   0.33     0.27-0.38 
Glass-carbomer  263   0.35     0.28-0.42 
Resin composite  287   0.24     0.17-0.31 
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4. Discussion 
 
4.1 Assessment methods 
This study showed that more retained sealant material was observed from 
replicas than through visual clinical examination. Whether this finding reflects 
the true situation cannot be concluded as, in the absence of a gold standard, 
neither assessment method can be validated. The fact that ample time was 
spent in assessing retention of sealant material from replicas, if needed, and 
that scoring of retention was faci litated by the availability of four replica models 
per tooth, adds weight to the assumption that the evaluators were able to 
assess the sealant retention pattern with a high level of precision.  
The clinical evaluation was performed by different evaluators from those 
who performed the assessment from replicas. The extent to which the 
difference in evaluators contributed to the difference in scores obtained from 
both assessment methods is not known. As the intra- and inter-evaluator 
consistency tests for both assessment methods show substantial reliability, the 
current opinion is that the findings of the present study reflect the true situation 
within the limits described above.   
 
Table 4.4 Cumulative survival percentages and SEs of sealants that have 
been completely and partially retained in pits and fissures of 
occlusal surfaces in the first permanent molars over 2 years, 
assessed through the visual clinical examination and from replicas 
according to the modified survival categorization (longitudinal sets 
of data) 
 
Time of 
evaluation     
(yrs) 
Modified categorization 
 Clinical       Replica 
 Surv±SE     Surv±SE       p-value 
0.5 72.7±2.5 71.0±2.5 0.25 
1.0 57.8±2.7 56.8±2.6 0.36 
2.0 39.8±2.6 44.0±2.6 0.05 
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4.2 Sealant retention survival 
Traditionally, survival of sealant retention is dichotomized into ‘no sealant 
material present’ and ‘material present independent of the extent of its 
coverage of the pits and fissures’. This implies that a pits and fissure system 
that is for a small part covered is given the same value as a pits and fissure 
system that is fully covered with sealant material. Obviously, the risk for 
developing a carious lesion in an occlusal surface whose pits and fissures are 
barely covered is higher than in those whose pits and fissures are fully covered 
with sealant material. This difference in caries risk in the two described 
situations is too large to justify the use of the traditional dichotomization.  
Therefore, a different cut-off point for determining the dichotomy in the survival 
of sealant retention had been proposed6.The guiding factor was the extent of 
re-exposure of pits and fissures to the oral environment. A carious lesion 
usually develops in places where cariogenic plaque is stagnant for a 
sufficiently long time. In a pit and fissure system, this is more frequently 
observed in pits than in fissures21. As the occlusal surface was divided into 
three sections, and as a section most commonly contains a pit, it was argued 
that one fully re-exposed section would make the occlusal surface vulnerable 
to demineralization: a seal with one section lacking sealant material no longer 
provides sufficient protection and was therefore considered ‘completely lost’ . 
The change in determining the dichotomy of what is and is not considered 
‘retained’ is important in retention survival analyses, as it emphasizes the 
importance of the biological impact of sealants rather than the mechanical 
presence of a sealant material. Using the modified categorization, there was 
even no significant difference between the two assessment methods in these 
rates for all sealants over the two years, and for the two glass-ionomer sealant 
groups. Remarkably, a significant difference was observed for the retention 
survival rates of the resin-based sealants assessed.   
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Table 4.5 Cumulative survival percentages and SE’s of sealants that have 
been completely and partially retained in pits and fissures of 
occlusal surfaces in the first permanent molars over 2 years, 
assessed through the visual clinical examination and from replicas 
according to the modified survival categorization by group of 
sealant. N=number of teeth. (Longitudinal sets of data) 
 
          1         2         3         4 
Time 
Point 
(yr) 
High-viscosity  
glass-ionomer 
 
      N=88 
High-viscosity  
glass-ionomer 
+LED 
N=97 
 Glass-carbomer 
 
 
      N=89 
Resin composite  
 
 
     N=96 
 Clinical  
 %±SE 
Replica 
  %±SE 
Clinical 
  %±SE 
Replica 
  %±SE 
Clinical  
  %±SE 
Replica 
  %±SE 
Clinical  
  %±SE 
Replica 
  %±SE 
 0.5 83.0±5.0 78.4±5.2 83.5±4.6 72.4±5.1
b
 33.7±4.9 42.7±5.3
a
 88.5±4.2 88.8±4.1 
  1 69.3±5.5 61.4±5.6 67.8±5.3 60.2±5.3 12.4±3.0 15.7±3.4 79.2±4.9 86.7±4.3 
  2 52.0±5.6 48.4±5.5 46.6±5.2 44.6±5.1  3.7±1.3  5.6±1.8 54.9±5.4 74.3±5.1
c
 
SE: Standard errors; (t-test) 
a
 p<0.03; 
b
 p=0.01; 
c
 p<0.0001 
 
The replica method has a place in assessment of retention of sealants, 
particularly in longitudinal studies. The impressions can be taken by dental 
technicians, which are less costly than when taken by dentists. Whether this 
method is less costly than a clinical examination is not known. It is also 
dependent on the frequency and number of impressions that have to be taken. 
Judging all dentine carious lesions from models may be difficult to perform but 
they can be judged from pictures with a higher level of sensitivi ty than through 
visible clinical examination22. A combination of replicas for sealant retention 
and colour pictures for carious lesion assessment might increase the level of 
reliability of the data collected compared to data obtained through visible 
clinical examination. But can sealant retention also be reliably assessed from 
pictures? Further research is required.  
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5. Conclusions 
More retained sealant material was observed through use  of the replica 
method than through the visible clinical examination during the two-year 
evaluation period. The modified categorization of determining partial retention 
and complete loss of sealant material is more appropriate for calculating the 
survival rate of sealant retention than the traditional manner. At 2-years, the 
retention survival rate for resin-composite sealants was higher using the 
replica method than the visual clinical examination. 
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Validation of three different methods for assessing sealant 
retention 
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Abstract – Objectives: To test the hypothesis that the colour photograph 
method has a higher level of validity for assessing sealant retention than those 
obtained from the visual clinical examination and replica methods.  Methods: 
From a sample of sealed 1st molars, retention was assessed according to 
visual clinical examination and from colour photographs by the same two 
evaluators, and from replicas by two different evaluators. Scores of the three 
methods were compared against consensus scores derived through assessing 
retention from SEM-images (gold standard). Presence or absence (survival) of 
retained sealants in occlusal surfaces was determined according to the 
traditional and modified categorization. Percentage of agreement, sensitivity, 
specificity and Youden-index scores were calculated. Results: 
Kappa-coefficients for inter-examiner consistency tests of data obtained from 
the three methods were high/substantial. Comparison of sealant retention 
assessment scores for visual clinical examinations and colour photographs 
with those of the gold standard was performed on 95 teeth, and for replicas on 
33 teeth. The highest mean Youden-index score for presence/absence of 
sealant material was observed for the colour photograph method, followed by 
that of the replica method whilst the visual clinical examination method scored 
lowest. The mean Youden-index score for the survival of retained sealants was 
highest for the colour photograph method for both the traditional (0.882) and 
modified (0.768) category of sealant retention determination, with the visual 
clinical examination method having the lowest Youden-index score 
(0.745-0.063).Significance: The colour photograph method had a higher 
validity than the replica and the visual examination methods for assessing 
sealant retention. 
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1. Introduction 
Numerous clinical studies indicate that the success of ﬁssure sealants 
depends on the level of sealant retention, the maintenance of sealant integrity 
and the properties of sealant material1-4. The most commonly used method of 
evaluating the clinical performance of a pit and fissure sealant is the visual 
clinical examination whereby the sealant is recorded as intact, partially lost and 
completely lost5, 6. Other methods include the standard colour photographs 
and the replica. The replica method is considered more sensitive in detecting 
sealant retention than the visual clinical examination7. This finding reflects the 
difficulty in judging clinically the retention of degraded or worn out sealants8, 9. 
The colour photograph has rarely been used for assessing sealant retention 
and it has not been compared with the visual clinical examination method10.  
The SEM image allows for a detailed examination of changes in surface 
characteristics and in margins of the sealant over time, which makes it the 
most precise method for evaluating sealant retention9, 11 12. Longitudinal 
sealant evaluation studies, using calibrated evaluators, are usually performed 
quickly but data collection is influenced by the clinical environment, 
cooperation of subjects and the quality of the evaluators. The use of an indirect 
method permits, at one particular moment in time, comparison of assessments 
of the quality of a sealant, as determined at various evaluation points. This 
might increase the quality of the data collected by limiting evaluator bias.  
As no previous study had investigated the validity of direct and indirect 
assessment methods for sealant retention with SEM as a reference gold 
standard, the decision to conduct the present study was made. The hypothesis 
tested was that the colour photograph method has a higher level of validity 
than those obtained from the visual clinical examination and replica methods 
for the assessment of sealant retention. 
 
2. Materials and Methods 
 
2.1 Background of the sealant trial 
In 2008, a sealant trial started, covering 407 high caries risk children, aged 7.0 
to 9.1 years, from five elementary schools in Wuhan, China. A total of 1344 first 
permanent molars with a deep and/or intermediate pits or fissure system in the 
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occlusal surface were sealed with a resin, a glass-carbomer or a high-viscosity 
glass-ionomer with and without being light cured. After 2 years, the number of 
evaluated sealed teeth in the 380 remaining children was 1254. Details of this 
trial have been published elsewhere13, 14.   
The level of sealant retention in the occlusal surfaces was assessed using 
the criteria described in Table 5.1. The first molars were divided arbitrarily into 
three sections (mesial-central-distal) in mandible teeth and in two sections 
(central and distal) in maxillary teeth. The trial was approved by the Research 
Ethics Committee of Wuhan University, Reference No. 200704, and was 
registered at the Dutch Trial Registration Centre, with Reference Number 1411. 
Parents or guardians of all included children had received and signed the 
informed consent form explaining the nature of the investigation. 
 
2.2 Evaluation using visual clinical examination 
Before the visual clinical examination was performed by two calibrated and 
experienced independent evaluators at evaluation points 0.5, 1 and 2 years, 
children brushed their teeth at a sink on the school compound. An intra -oral 
light with a disposable mirror attached (Mirrorlight®, Kudos, Hong Kong) was 
used to illuminate the examination site. Any remaining visible plaque or debris 
was removed with the aid of an explorer or cotton stick. The sealed tooth 
surfaces were dried with a cotton stick. Trained recorders assisted the 
evaluators. If sealant material was judged to have disappeared completely 
from a section or from the total tooth surface, the re-exposed pits and fissures 
were dried with an air-syringe and judged again to see if remnants are visible 
in the deeper parts of the pits and fissure system (Table 5.1). 
 
2.3 Evaluation using the replica method  
At baseline and at each evaluation point, an impression was taken of the right 
mandible first molar or, if that tooth had not been sealed, of the left mandible 
first molar. If none of these teeth had been sealed, an impression was taken 
from a sealed maxillary tooth. This impression taking was carried out to fulfill a 
secondary aim of the sealant trial7. 
Handling of impression material followed the manufacturers’ Directions of 
Use (DoU). The light body impression material Express™ (3MESPE, Seefeld, 
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Germany) was syringed onto the dried occlusal surface while an assistant 
hand-mixed the silicone impression material Express™ STD Putty (3MESPE, 
Seefeld, Germany) and placed it in a partial dental impression tray. The tray 
was then positioned over the syringed sealed tooth and after its removal, was 
rinsed under tap water and cast, using the dental gypsum powder FUJIROCK® 
EP (GC, Tokyo, Japan) according to the manufacturers’ DoU.  
All replicas from the same teeth taken at baseline and at the three 
evaluation points were lined up in a time sequence for examination, which was 
performed by two trained and calibrated examiners, not being the ones who 
performed the visual clinical examination. Each examiner assessed one half of 
the total number of replicas. The criteria used for assessing sealant retention 
from replicas were equal to those used in the clinical examination, excluding 
codes 5 and 6 (Table 5.1). These codes required air blowing which is not 
relevant in examining replicas. When necessary, evaluators used a loupe with 
magnification factor 3 to assess the presence of sealant material.  
 
2.4 Evaluation using color photographs 
An intra-oral photograph (Canon EOS 400D, Ring-flash and Macro lens, 
100mm, f/2.8,) of the selected teeth was taken by a trained photographer with 
assistance from one of the authors at the evaluation point of two years. 
 
Table 5.1 Evaluation criteria for assessing sealant retention through the visual 
clinical examination 
Code Description 
 Tooth is cleaned and dried with a cotton stick 
1 Pits and fissures completely covered with material 
2 Pits and fissures partly visible.  
Sharp fracture edge (creating plaque retention site) 
3 Pits and fissures partly visible.  
Crumbled fracture edge (not creating plaque retention site)  
4 Pits and fissures totally visible 
 If code 4 is recorded then pits and fissures are re-observed after 
blowing the tooth surface dry with compressed air. Code 4 can be 
then replaced by code 5 or 6  
5 Pits and fissures totally covered with remnants 
6 
7 
Pits and fissures partly covered with remnants 
Other treatment performed (new sealant or a restoration) 
9 Unable to diagnose 
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Photograph taking was standardized as much as possible by the necessity to 
expose the full occlusal surface in a horizontal plane. An intra-oral mirror was 
used to achieve this. Photographs of mandible molars were taken, with the 
children seated on a chair, while children were lying on a table when the 
maxillary molars were photographed. Each photograph was judged for 
acceptability and quality, and if not acceptable, the photograph was repeated. 
For evaluating the retention of sealants from these photographs, images 
were cropped to show only the sealed tooth and were randomly ordered in a 
MS Word document, three on one page. Together with clear instructions, the 
Word document was sent to the same two evaluators who performed the 
clinical examination at the two years evaluation point, one year after the 
examination. Evaluators were requested not to enlarge the photographs. The 
criteria used for assessing sealant retention from color photographs were 
those described in Table 5.1. No calibration of evaluators was performed. 
 
2.5 Evaluation using SEM images   
A tertiary aim of the sealant trial was to assess whether or not sealant material 
had been left in pits or fissures that had received a score of 4, 5 or 6 at the 
2-year clinical examination. To fulfill the requirements of this study, a sample 
was drawn by selecting every 5th child from a list of children having sealed 
teeth with a score of 4, 5 or 6 in, at least, one section of a maxillary or a 
mandible molar. This procedure resulted in 112 sampled teeth from 59 children. 
The first author took an impression of these teeth as described for the replica 
method, took these to the Key Laboratory building of the School of 
Stomatology and cast them with epoxy resin (Struers A/S, Denmark) according 
to the manufacturers’ instructions.  
The epoxy tooth specimens were mounted on aluminum stubs, using 
double-sided adhesive tape, in such a way that the area to be studied was 
faced upwards. After air-drying, the mounted surfaces were coated with a thin 
layer (25 nm thickness) of pure gold using an ion sputtering unit. The stubs 
were then placed in the vacuum chamber of the scanning electron microscope 
(Quanta200, Philips-FEI Co., Netherlands) of the State Key Laboratory of 
Geological Processes & Mineral Resources, China University of Geosciences 
in Wuhan. The accelerating voltage (20 KV) and the aperture were adjusted to 
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suit the specimen for optimization of the quality of the SEM image. The tooth 
surfaces of the specimens were observed, adjusted, scanned using different 
magnification (x10, x25 and x50), photographed and stored as tiff-files. 
Three calibrated evaluators, who were not involved in any of the previous 
examinations, assessed the absence or presence of sealant material in all the 
sections of the molars from images with x10 magnification in 96% of the cases. 
For a good view of five images, x25 magnification was used. Images were 
viewed randomly on a 12.1 inch monitor with high resolution (1024 by 768 
pixels) using “Adobe Photoshop CS version 4.0” software. Concordance of 
opinion was reached by agreement of all three evaluators. The SEM images 
could not be used in 10% of the sections because they were unclear. The 
criteria used for assessing sealant retention from SEM images were equal to 
those used in the replica casts evaluation (Table 5.1). 
 
2.6 Statistical analysis 
Prior to comparison of the performance of the scoring based on colour 
photographs, the kappa statistics were applied to check whether this  scoring 
was sufficiently reproducible to warrant further analysis. For all three sections 
of the surface the kappa-coefficient values were 0.55, 0.51 and 0.52 when the 
scores for codes 1-6 were used. When scores for codes 2 and 3 where 
combined and also for those of codes 4, 5 and 6, these kappa-coefficient 
values were 0.60, 0.64 and 0.71. If the codes were further reduced to ‘present’ 
or ‘absent’, the kappa-coefficient values were 0.68, 0.86 and 0.86. These 
kappa-coefficient values were considered good enough to warrant comparison 
of the scores obtained through use of colour photographs, visual clinical 
examination and the replica methods. For all assessment methods, the scores 
were compared with the SEM scores which were considered the gold standard. 
These comparisons were performed on three different levels of aggregation, 
completely similar to the three types of calculation for the kappa statistic: first 
using all scores, then combining both scores 2 and 3 as well as 4 and 5, and 
finally combining 1, 2 and 3 as well as 4, 5 and 6. 
To aggregate scores from the subsurface level to the entire occlusale 
surface, two approaches were used: once according to the traditional 
categorization of ‘completely lost’ (code 4-6 in all sections) and ‘fully (a code 1 
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in all section) and partially (retention codes with all other combinations in the 
sections) retained’, and once according to a modification of the traditional 
categorization. This modified categorization comprises of sealants ‘completely 
lost’ (combinations having at least one section with a code 4-6), and those ‘fully 
retained’ (retention code 1 for all three sections) and those ‘partially retained’ 
(retention codes with all other combinations in the sections) 13. With the SEM 
scores as gold standard, percentages correctly assessed, sensitivities and 
specificities were calculated. As sensitivity and specificity are competing 
entities an overall measure, the Youden index15, is presented as well. 
 
3. Results 
 
3.1 Description of initial analyses 
A total of 95 sealed teeth were available for comparison of the sealant retention 
assessment scores obtained through use of the visual clinical examination, the 
colour photographs and the SEM images. The number of replicas available for 
this comparison was 33. 
Table 5.2 shows the percentage of correctly assessed codes for 
determining the level of sealant retention per surface section after two years, 
according to different cut-off points, by assessment method and the occlusal 
surface against the gold standard. For the occlusa l-central and occlusal-distal 
sections, an increase in the percentages of correctly assessed codes was 
observed, starting with those obtained when all codes (1 to 6) were compared 
against those obtained for the ‘present’ (1 to 3) or ‘absent’ (4 to 6) 
categorization of sealants. For all three methods in all three surface sections, 
the highest percentages of correctly assessed retention were observed for the 
present – absent category. In the latter category, the colour photograph 
method had the highest mean score in the occlusal-central (93.2%) and 
occlusal-distal (94.2%) sections, while the replica method had a slightly higher 
score (87.9%) than the mean score for the colour photographs (85.6%) in the 
occlusal-mesial section. This pattern was the same for the occlusal surface: 
94.0% and 90.6% for the colour photograph method and 80.3% for the visual 
clinical examination method.    
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Table 5.2 Percentage of correctly assessed codes for assessing the level of sealant retention per surface section (Om, Oc, Od) and 
occlusal surface through visual clinical examination (clinical), from colour photographs (pic ex1 and pic ex2) and from 
replicas for all retention (codes 1-6 = scores), for fully (code 1 = F) and partially (codes 2,3 = Pa) retained, and completely 
lost (codes 4-6 = A) sealants, and for present (P) and absent (A) of sealants compared against the ‘golden’ standard SEM  
  
 Om  Oc  Od Occlusal surface 
 Scores 
（%） 
F/Pa/A 
（%） 
P/A 
（%） 
N  Scores 
（%） 
F/Pa/A 
（%） 
P/A 
（%） 
N  Scores 
（%） 
F/Pa/A 
（%） 
P/A 
（%） 
N  Scores 
（%） 
F/Pa/A 
（%） 
P/A 
（%） 
N 
Clinical 71.1 71.1 71.1 45  69.5 71.6 82.1 95  75.5 77.7 83.0 94  72.2 73.9 80.3 95 
Pic ex1 84.4 84.4 93.3 45  63.2 70.5 93.7 95  76.6 86.2 94.7 94  72.6 79.5 94.0 95 
Pic ex2 71.1 71.1 77.8 45  64.2 73.7 92.6 95  72.3 84.0 93.7 94  68.8 77.4 90.6 95 
Replica 78.8 78.8 87.9 33  57.6 66.7 90.0 33  56.3 62.5 81.3 32  64.3 69.4 86.7 33 
Om = occlusal mesial; Oc = occlusal central; Od = occlusal distal; pic ex1 = photographs assessed by examiner 1; pic  ex2 = photographs assessed by examiner 
2; n = number of sealed teeth 
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Table 5.3 Sensitivity (%) and specificity (%) of correctly scoring presence and absence of sealants per surface section (O m, Oc, Od) 
and occlusal surface through visual clinical examination (clinical), from colour photographs (pic ex1 and pic ex2) and from 
replicas compared against the gold standard SEM 
 
 Om Oc Od Occlusal surface 
 Sensi 
tivity 
（%） 
Speci 
ficity 
（%） 
J N Sensi 
tivity 
（%） 
Speci 
ficity 
（%） 
J N Sensi 
tivity 
（%） 
Speci 
ficity 
（%） 
J N Sensi 
tivity 
（%） 
Speci 
ficity 
（%） 
J N 
Clinical 100 0.0 0.000 43 97.8 73.9 0.717 91 98.4 58.1 0.564 92 98.6 59.1 0.576 92 
Pic ex1 94.1 90.9 0.850 45 97.9 91.3 0.892 94 98.4 87.5 0.859 94 88.0 97.8 0.858 94 
Pic ex2 75.0 100.0 0.750 43 89.6 97.8 0.874 94 93.6 96.9 0.904 94 97.2 89.9 0.871 94 
Replica 96.0 62.5 0.585 33 84.6 95.0 0.796 33 66.7 100.0 0.667 32 83.9 90.5 0.744 33 
n = number of sealed teeth; J = Youden-index 
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Table 5.4 Correctly scored survival rates of retained sealants assessed through visual clinical examination (clinical), from colour 
photographs (pic ex1 and pic ex2) and from replicas compared against the ‘golden’ standard SEM, their sensitivity,  
specificity and Youden’s index according to the traditional and the modified categorization of determining sealant  
retention 
 
 Traditional Categorization  Modified Categorization 
 Retention 
（%） 
Sensitivity 
（%） 
Specificity 
（%） 
J N  Retention 
（%） 
Sensitivity 
（%） 
Specificity 
（%） 
J N 
Clinical 86.3 95.2  79.3 0.745 95  84.2 100.0  6.3 0.063 95 
Pic ex 1 94.7 97.6  92.5 0.901 95  93.7  97.5 75.0 0.725 95 
Pic ex 2 93.7 88.1  98.1 0.862 95  88.4  87.3 93.8 0.811 95 
Replica 93.9 84.6 100.0 0.846 33  87.9  96.0 62.5 0.585 33 
 
J = Youden-index; N = number of sealed teeth; pic ex1 = photographs assessed by examiner 1; pic ex2 = photographs assessed by examiner 
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3.2 Sensitivity and specificity of present-absent category 
The sensitivity, specificity and Youden-index of correctly scoring presence and 
absence of sealant material per surface section and for the occlusal surface by 
the three assessment methods against the ‘gold’ standard SEM is presented in 
Table 5.3. In all 3 surface sections (Om: 0.800; Oc: 0.883; Od: 0.882), the 
highest mean Youden-index score was observed for the colour photograph 
method, followed by that of the replica method. The lowest Youden-index was 
observed for the visual clinical examination method. Although the difference 
was not high, the percentage specificity of the colour photograph method was 
higher than its percentage sensitivity for all the 3 tooth surface sections. For 
the occlusal surface, the Youden-index was highest (0.858 and 0.871) for the 
colour photograph method and it was lowest for the visual clinical examination 
method (0.576). 
 
3.3 Survival rates of sealant retention 
The survival rates of retained sealant assessed by the three methods and 
compared for its correctness against the gold standard SEM, showing their 
sensitivity, specificity and Youden-index according to the traditional and the 
modified categorization of determining sealant retention are presented in Table 
5.4. The mean Youden-index score was highest for the colour photograph 
method both for the traditional (0.882) and the modified (0.844) categories of 
determining sealant retention. The lowest Youden-index score was obtained 
for the visual clinical examination method. 
 
4. Discussion 
This is the first time that three different sealant retention methods have been 
validated against a gold standard, in this case the SEM. The SEM has not 
been used for this purpose before but its importance in assessing sealant 
retention has increased with the search for reasons why the retention of 
glass-ionomer sealants is lower than that of resin sealants while their 
caries-preventive effect is not16, 17. On SEM images, remnants of 
glass-ionomer sealant material were clearly observed in the deeper parts of 
pits and fissures that were scored clinically as completely absent9, 18. The 
same phenomenon was observed in this study. On a few occasions, however, 
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the SEM image of a certain surface section was technically unclear and the 
assessment could not be performed reliably. Such a section was not included 
in the database.  
One of the examiners had experience in reading SEM images for detection 
of the presence of sealant material in pits and fissures. The other two were 
trained and calibrated in the use of the SEM images prior to the start of the 
study. Nevertheless, recognition of sealant material was not always easy 
particularly for resin material. Despite these small difficulties, we conclude that 
the microscope can be considered a gold standard for sealant retention in the 
present study. Additional studies should be performed to confirm this 
observation.   
Taking colour photographs of molar teeth in these young children of on 
average 10 years of age, was not always easy. Therefore, a photographer 
needs to have experiences in taking oral pictures. Assistance for keeping the 
tooth surface dry, for holding the mouth mirror and for comforting the child, is 
absolutely necessary. In the present study, neither of the two examiners 
disqualified the colour photographs. Thus, it is concluded that the manner in 
which the photographs were taken was sufficiently precisely done to allow the 
examiners to carry out the task.  
Currently, the presence or absence of a sealant is, in essence, determined 
by the smallest part of sealant material visible to the naked eye. Independent 
on whether a pits and fissure system is fully or only covered for, let’s say, five 
percent of its original surface with sealant material, such a sealant is 
considered as being retained. There is no doubt that the risk for developing a 
carious lesion in pits and fissures is higher if they are barely covered with 
sealant material than if they are fully covered. This difference in caries risk is 
too large to justify the use of the traditional dichotomization. Therefore, a 
different cut-off point for determining the dichotomy in the survival of sealant 
retention and a new name (modified) was proposed13. As the occlusal surface 
was divided into three sections, and as a section most commonly contains a pit, 
it was argued that one fully re-exposed section would make the occlusal 
surface vulnerable to demineralization: a seal with one section lacking sealant 
material no longer provides sufficient protection and was therefore considered 
‘completely lost’. This change is important in retention survival analyses, as it 
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emphasizes the importance of the biological impact of sealants rather than the 
mechanical presence of a sealant material. 
The hypothesis was accepted. The colour photograph method was the 
best method for assessing sealant retention while the visual clinical 
examination was the worst of the three methods. That more retained sealant 
material was seen on replicas than through visual clinical examinations had 
been reported in a few studies7. The outcome of the present study confirms 
this. The finding that the colour photograph method is also better than the 
visual clinical examination, casts doubt on the usefulness of the common 
manner of evaluating sealants by sending examiners into the field for 
assessing the retention of sealants. Had the examiners previously been 
calibrated, the results of the colour photograph method would most probably 
have been even higher. The photographic method was also the best, when 
compared to the replica and the visual clinical examination methods, for 
detecting developmental defects of enamel19 and when compared to visual 
clinical examination for assessing occlusal carious lesions20. In the present 
study, sensitivity and specificity of the colour photograph method hardly 
differed and both were high showing that the information obtained from the 
photographs is reliable. The external validity of the outcome of the present 
study is considered high. Nevertheless, studies should be carried out to 
confirm the findings of the present research.  
The colour photograph method seems to have many advantages. It may 
increase the quality of the study outcomes by allowing ‘blind’ examination in 
comparative studies and by examining the degradation of sealant retention 
over time, at one particular moment in time, in longitudinal studies. It allows, in 
this particular case, ample time for assessing sealant retention. Although this 
aspect was not studied, the colour photograph method may be more 
economical. It required less time per subject than the visual clinical 
examination and the replica methods for detecting developmental defects of 
enamel19. It also makes concerns about cross-infection irrelevant and it may 
also be cheaper. This latter aspect requires another investigation. A last 
advantage of the colour photograph method is the fact that the images can be 
archived and be used in future comparative studies.  
Currently, the colour photograph method has only been investigated for its 
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suitability for assessing sealant retention. It still needs to be tested for its 
suitability for assessing the presence or absence of carious lesions on 
surfaces previously sealed. Only after such a study has revealed an outcome, 
will it be possible to make conclusions about the usefulness of assessing the 
effectiveness of sealants from colour photographs. 
 
5. Conclusion 
In conclusion, assessment of sealant retention from colour photographs has a 
higher validity than that done through use of the visual clinical examination 
method. The colour photograph method should be tested for assessing carious 
lesions in sealed surfaces.   
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CHAPTER 6 
 
 
 
 
 
Detecting carious lesions and assessing sealant retention 
through visual clinical examination and from colour 
photographs after 4 years 
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Abstract – Objectives: To compare the level of agreement of carious lesion 
development and that of sealant retention as assessed according to the visual clinical 
examination and the colour photograph methods. Methods: Data from retained 
sealant and presence of carious lesions were obtained through visual clinical 
examination and from colour photographs of the same sealed teeth after 4-years by 
two examiners. Kappa-statistics were applied to calculate agreement. Survival rates 
of retained sealants in occlusal surfaces were estimated, using the traditional 
(‘completely gone’ versus ‘fully’ and ‘partially retained’ sealants) and the modified 
categorization (‘completely gone’ sealants, which included pits and fissures systems 
that had ≥1 pit re-exposed, versus ‘fully retained’ and ‘partially retained’ sealants). 
Results: The prevalence of dentine carious lesions was low. The kappa-coefficients 
for detecting carious lesions, for both assessment methods used by the two 
examiners were 0.65 (CI: 0.56-0.74) and 0.70 (CI: 0.62-0.78) and they were 0.71 (CI: 
0.64-0.79) and 0.80 (CI: 0.74-0.87) for assessing sealant retention. Survival rates of 
retained sealants were not statistically significantly different between the visual clinical 
examination and the colour photograph methods for both types of categorization.  
Conclusion: The colour photograph method is not different from the visual clinical 
examination in detecting carious lesions but appears to be more sensitive in 
assessing sealant retention after 4 years. 
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1. Introduction 
A sealant, once applied, should be evaluated periodically for its retention and 
caries-preventive effectiveness1. After all, an optimally retained sealant is an 
important factor in the prevention of carious lesion development2, whilst the 
detection of cavitated carious lesions requires immediate restorative care3, 4.  
Direct visual clinical examination is the method generally used for 
evaluating the effectiveness of sealants5, 6. The method is simple and takes 
little time, but it is to some extent restricted. For example, it is not possible to 
recall or reassess sealants after a while and this factor may introduce 
examiner bias in (longitudinal) epidemiological studies7. 
Compared to the direct method, indirect methods like use of colour 
photographs, radiographs and replicas can cause less observer bias. They 
further permit the assessment of all cases under standard conditions by 
designated examiners, whether cases from different geographic areas are 
assessed or the same case is examined at different times8. In addition, indirect 
methods have the potential to increase the efficiency and effectiveness of 
dentists working in the primary oral care environment9, thereby freeing up 
resources to improve access to oral care and to reduce oral health 
inequalities10. 
Intra-oral colour photographs have become an invaluable tool in dental 
practice11. They have been shown to be superior to visual clinical examination 
in detecting carious lesion in occlusal surfaces12and in assessing 
developmental defects in enamel8. The colour photograph method has been 
validated for assessing sealant retention13 and found to be superior to the 
visual clinical examination and the replica methods. Unfortunately, the former 
method has not been tested for its utility in assessing the presence of carious 
lesions in sealed teeth. Such a study would be of great interest as, if the colour 
photograph method would be better-suited than the commonly used visual 
clinical examination, the effectiveness of sealants in terms of their retention 
and carious lesion prevention, could be obtained from colour photographs only. 
That would substantially enhance the quality of the collected data regarding 
the effectiveness of sealants.  
The present study aimed to compare the level of agreement of 1) carious 
lesion development and that of 2) sealant retention as assessed according to 
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the visual clinical examination and colour photograph methods after four years.  
 
2. Materials and Methods 
 
2.1 Study population  
A sealant trial started in 2008 among 407 high caries risk chi ldren with an 
average age of 8 years, attending five elementary schools in Wuhan, China. 
Sealants were placed in 1344 first permanent molars with deep and/or 
intermediate pits or fissures in occlusal surfaces. The sealant materials used 
were a resin, a glass-carbomer and a high-viscosity glass-ionomer applied with 
and without being light cured. After 4 years, the number of evaluated sealed 
occlusal surfaces in the 365 remaining children was 1147. Details of the 
sealant trial have been published elsewhere5, 6.   
The trial was approved by the Research Ethics Committee of Wuhan 
University, Reference No. 200704, and was registered at the Dutch Trial 
Registration Centre, with Reference Number 1411. Parents or guardians of all 
included children had received and signed the informed consent form that 
explained the nature of the investigation. 
 
2.2 Visual clinical examination method 
The coverage with sealant material, of pits and fissures in occlusal surfaces 
was recorded at baseline. To allow detai led assessment, the first permanent 
molars were divided arbitrarily into three sections (mesial-central-distal) in the 
mandible and into two sections (central and distal) in the maxilla. The criteria 
for assessing sealant retention are presented in Table 6.1, and those for 
assessing carious lesions in Table 6.2. Children brushed their teeth under 
supervision before the start of the examination on the school compound. Any 
remaining visible debris and/or plaque were gently removed by the evaluator, 
using an explorer instrument. Prior to the examination, teeth were dried with 
the aid of a cotton stick. If sealant material was judged to have disappeared 
completely from the tooth surface or from a section of it, the re-exposed pits 
and fissures were dried with an air-syringe and judged again for the presence 
of remnants in the deeper parts of the pits and fissure system (Table 6.1). The 
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examination site was well-illuminated by an intra-oral light with attached 
disposable mirrors (Mirrorlight®, Kudos, Hong Kong). 
The evaluation was done after 0.5, 1, 2, 3 and 4 years, by two trained and 
calibrated examiners. Training was provided by a senior epidemiologist (JF).  
Calibration was performed annually before the start of the examination, by 
examining each of five children. Differences in scoring were discussed among 
the examiners and the senior epidemiologist, who was present during all the 
five evaluations. The calibration exercise stopped after five children had been 
consecutively examined without differences in resulting scores. The evaluators 
of the first three evaluations were not those who performed the last two 
evaluations. Trained recorders, who were mostly dentists, assisted the 
evaluators. The number of visible clinical examinations included for 
comparison purposes was related to the selection of the teeth, as described in 
the next section. 
 
 
Table 6.1 Evaluation criteria for assessing sealant retention through the visual 
clinical examination 
 
Code Description 
 Tooth is cleaned and dried with a cotton stick 
1 Pits and fissures completely covered with material 
2 Pits and fissures partly visible.  
Sharp fracture edge (creating plaque retention site) 
3 Pits and fissures partly visible.  
Crumbled fracture edge (not creating plaque retention site)  
4 Pits and fissures totally visible 
 If code 4 is recorded then pits and fissures are re-observed after 
blowing the tooth surface dry with compressed air. Code 4 can be 
then replaced by code 5 or 6  
5 Pits and fissures totally covered with remnants 
6 
7 
Pits and fissures partly covered with remnants 
Other treatment performed (new sealant or a restoration) 
9 Unable to diagnose 
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Table 6.2 The ART caries assessment criteria used in the visual clinical 
examination and in the colour photograph methods  
 
Code Description 
0 Sound surface 
1 Early enamel lesion. White/opaque or brownish/dark lesion in 
enamel only, including loss of tooth surface; considered as 
being active or inactive 
2 Carious lesion involving the dentine slightly; lesion cannot be 
penetrated with CPI probe 
3 Dentinal lesion; lesion can be penetrated with CPI probe 
4 Dentinal lesion: pulp possibly or definitely exposed. 
5 Restoration 
6 Sealant  
7 Missing due to caries 
8 Unerupted permanent tooth 
9 Unable to make diagnosis 
 
2.3 Intra-oral colour photograph method 
Selection of the teeth to be photographed was performed as follows. A list of 
children who had at least one tooth with a sealant retention score of 4, 5 or 6 
was constructed for each of the four sealant groups, in random order. Starting 
with number 2 on each list, every 10th child was selected and all included study 
teeth were photographed.    
At the 4-year evaluation point, intra-oral colour photographs of the selected 
teeth were taken by a trained photographer who used a Canon EOS 400D, 
with Ring-flash and Macro lens (100mm, f/2.8), and who was assisted by one 
of the authors. Children brushed their teeth under supervision and any debris 
or plaque left on the tooth surface was wiped away with a cotton stick. 
Photographs of mandible molars were taken, with the children seated on a 
chair, while those of the maxillary molars were taken when the children were 
lying on a table. Before a picture was taken, an air-syringe was used to dry the 
teeth. Colour photographs were taken with the aid of an intra-oral mirror in a 
standardized way as far as possible, positioning the full occlusal surface in a 
horizontal plane of the mirror view. Photographs were judged for their 
acceptability and quality. If any was not found acceptable, a new photograph 
was taken.   
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For evaluating the retention of sealants and for detecting carious lesions, 
images were cropped to show only the sealed tooth and then ordered 
randomly in an MS Word document; three images to one page. Together with 
clear instructions, the Word document was then sent to the same two 
evaluators who had performed the clinical examination at year 4, ten months 
after the examination, to limit bias. Evaluators were asked not to enlarge the 
photographs. Evaluators were trained but not calibrated before judging the 
colour photographs. The criteria used for assessing sealant retention and 
detecting caries were equal to those used in the clinical examination.  
 
2.4 Statistical analysis 
All data were analysed by a statistician (JM) using SAS version 9.2 (SAS 
Company Inc, Cary, USA). Inter-examiner consistency tests for determining 
the reliability of measuring sealant retention after 4 years was calculated, using 
an unweighted kappa statistic. The Landis and Koch classification14was used 
to indicate the level of agreement between the observers.  
Presence and absence of retained sealants was calculated twice: once 
according to the traditional categorization of ‘completely lost’ (code 4-6 in all 
sections) versus ‘completely (at least a code 1 in all sections) and partially (all 
other combinations) retained’, and once according to a modification of the 
traditional categorization. This modified categorization consists of sealants 
‘completely lost’ (combinations having at least one section with a code 4, 5 or 
6), those ‘completely retained’ (retention code 1 for all two/three sections) and 
those ‘partially retained’ (retention codes with all other combinations in the 
sections)6. Survival rates between two methods were tested, using the 
Log-rank test. Differences in scoring codes between evaluators and between 
assessment methods where tested using sign test. A statistically significant 
difference was set at α=0.05. 
 
3. Results 
 
3.1 Reliability of data collected 
The results of the inter-examiner consistency tests for detecting carious 
lesions (codes 0, 1, 2,3), and for assessing retention of sealants according to 
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scores (1, 2,3 and 4-6) from sections of occlusal surfaces from colour 
photographs after 4 years, are presented in Table 6.3. The kappa-coefficient 
value for detecting carious lesions was 0.72 (CI: 0.64-0.80) and for assessing 
retention of sealants it was 0.76 (CI: 0.70-0.83). For the visual clinical 
examination, the inter-examiner consistency tests showed kappa-coefficient 
values for detecting carious lesions and for assessing retention of sealants 
from sections of occlusal surfaces of 0.46 (CI:0.34-0.58) and 0.65 
(CI:0.56-0.75), respectively. The number of occlusal sections available for 
detection of carious lesions was 194 and for assessing retention of sealants it 
was 236. The proportion of dentine carious lesions detected on colour 
photographs and through the visual clinical examination was low; 1% and 
3.5%, respectively. 
 
3.2 Carious lesion development and the two assessment methods 
The total number of teeth available for the comparison between visual clinical 
examination and colour photographs was 115 (57 in the maxilla and 58 in the 
mandible), representing 228 tooth sections. Table 6.4 presents the agreement 
between the two examiners in scoring carious lesions on sections of sealed 
occlusal surfaces through the visual clinical examination and the colour 
photograph methods. The kappa-coefficient values are substantial: 0.65 (CI: 
0.56-0.74) for examiner 1 and 0.70 (CI: 0.62-0.78) for examiner 2. The 
prevalence of dentine carious lesions was low. Examiner 1 observed fewer and 
examiner 2 observed more enamel carious lesions from colour photographs 
than through the visual clinical examination.  
 
3.3 Sealant retention and the two assessment methods 
The agreement between examiners 1 and 2 in assessing retention of sealants 
from sections in occlusal surfaces according to scores 1, 2, 3 and 4-6 through 
the visual clinical examination and colour photograph methods is presented in 
Table 6.5. 
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Table 6.3 Inter-examiner consistency test, expressed in kappa-coefficient 
(kappa) and 95% Confidence Interval (CI), of detecting carious 
lesions (A) and assessing sealant retention (B) in sections of 
sealed occlusal surfaces from colour photographs  
 
 
The kappa-coefficient values for both examiners were 0.80 (CI: 0.74-0.87) for 
examiner 1 and 0.71 (CI: 0.64-0.79) for examiner 2. No statistically significant 
difference was observed between the visual clinical examination and the 
colour photograph method in scoring sealant retention for examiner 1 (p=0.10) 
but not for examiner 2 (p<0.001). The latter observed more retained sealant 
material on colour photographs than was revealed through the visual clinical 
examination. The agreement between examiners 1 and 2 in assessment of 
retention of sealants in occlusal surfaces is presented in Tables 6.6 and 6.7, 
according to the traditional and the modified categorization of determining 
survival of sealant retention through the visual clinical examination and colour 
photographs methods. The kappa-coefficient values for the traditional 
categorization were 0.87 (CI: 0.78-0.95) for examiner 1 and 0.82 (CI: 0.73-0.92) 
for examiner 2. For the modified categorization they were 0.80 (CI: 0.66-0.93) 
for examiner 1 and 0.65 (CI: 0.50-0.80) for examiner 2.There was no  
Colour 
photograph 
  
Scores carious lesions (A) 
Examiner 2 
  
  0 1 2,3 total Kappa 95%CI 
 0 168 26 1 195   
Examiner 1 1   8 83 0  91 0.72 0.64-0.80 
 2,3   0  2 0   2   
 total 176 111 1 288   
   
 
Scores sealant retention (B) 
Examiner 2 
  
  1 2,3 4-6 total Kappa 95%CI 
 1 31 1 0 32   
Examiner 1 2,3 22 49 7 78 0.76 0.70-0.83 
 4-6 0 7 171 178   
 total 53 57 178 288   
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Table 6.4 Agreement, expressed in kappa-coefficient (kappa) and 95% 
Confidence Interval (CI), for detecting carious lesions in occlusal 
surfaces for the visual clinical examination and colour photograph 
methods by examiner 1 and 2 after 4 years 
 
 
statistically significant difference observed in scoring sealant retention 
between the visual clinical examination and the colour photograph methods 
according to the traditional (p=0.07) and the modified categorization (p=0.29) 
for examiner 1 but not for examiner 2 for the traditional categorization 
(p=0.001). Examiner 2 observed more sealant material retained on colour 
photographs than during the visual clinical examination (Table 6.4). 
 
3.4 Survival of retained sealants and the two assessment methods  
The survival rates and standard error of retained occlusal sealant for the visual 
clinical examination and for the colour photograph methods assessed by the 
two examiners according to the traditional and the modified categorization of 
determining sealant survival are presented in Table 6.8. No statistically 
significant differences in the survival rates of retained sealants were found 
between the visual clinical examination and the colour photograph methods, 
for the traditional categorization; p=0.23 (examiner 1) and p=0.18 (examiner 2) 
and the modified categorization, p=0.31 (examiner 1) and p=0.50 (examiner 2). 
  Visual clinical examination    
  0 1 2,3 total Kappa 95%CI 
Colour photograph 0 168  26 1 195   
Examiner 1 1  16  74 1  91 0.65 0.56-0.74 
 2,3   0   2 0   2   
 total 184 102 2 288   
  Visual clinical examination   
  0 1 2,3 total Kappa 95%CI 
Colour photograph 0 160  15 1 176   
Examiner 2 1  23  87 1 111 0.70 0.62-0.78 
 2,3   1   0 0   1   
 total 184 102 2 288   
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Table 6.5 Agreement, expressed in kappa-coefficient (kappa) and 95% 
Confidence Interval (CI), for assessing retention of sealants from 
sections in occlusal surfaces according to scores (1, 2,3 and 4-6) 
for the visual clinical examination and colour photograph methods 
by examiner 1 and 2 after 4years 
 
 
 
4. Discussion 
 
4.1 Methodology 
The present study was unable to determine which assessment method is most 
accurate, as a gold standard was lacking. At the beginning of the visual clinical 
examination, examiners had been calibrated. However, calibration was not 
done before the start of the assessment procedure using colour photographs. 
It was thought that the examiners had been sufficiently trained and calibrated 
during the 3rd and 4th evaluation year of the sealant trial. Nevertheless, as the 
assessment from colour photographs took place ten months after the last 
clinical evaluation was held, in order to avoid observer bias and because of a 
logistical problem, re-calibrating the examiners before starting assessment of 
the colour photographs would have been preferable. It might have improved  
  Visual clinical examination    
  1 2,3 4-6 total Kappa 95%CI 
Colour photograph 1 23 8 1 32   
Examiner 1 2,3 5 62 11 78 0.80 0.74-0.87 
 4-6 1 4 173 178   
 total 29 74 185 288   
  Visual clinical examination   
  1 2,3 4-6 total Kappa 95%CI 
Colour photograph 1 28 24 1 53   
Examiner 2 2,3 1 44 12 57 0.71 0.64-0.79 
 4-6 0 6 172 178   
 total 29 74 185 288   
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Table 6.6 Agreement, expressed in kappa-coefficient (kappa) and 95% 
Confidence Interval (CI), for assessing retention of sealants in 
occlusal surfaces according to the traditional categorization of 
determining sealant survival (c,p,g) for the visual clinical 
examination and colour photograph methods by examiner 1 and 2 
after 4 years 
 
Traditional categorization: c=completely retained (code 1 for all three sections ); p=partially 
retained (retention codes with all other combinations in the 
sections); g=completely gone (code 4-6 for three sections). 
 
 
the reliability of the data collected from colour photographs. The prevalence of 
dentine carious lesions in the present sample at the four-year evaluation 
period was very low. It had been thought that, with the increase in diminishing 
sealant material from the occlusal surface during the first 4 years, sufficient 
dentine carious lesions would be present. From an oral health point of view,  
the sealant programme has been effective in preventing dentine carious lesion 
development. Carious lesion detection was almost solely based on sound and  
enamel carious lesions. It is known that the reliability of enamel carious lesion 
detection in epidemiological surveys15 and in carious lesion validation studies16, 
17 is not always high, despite training and calibration of examiners.  
 
 
  Visual clinical examination   
  c p g total Kappa 95%CI 
Colour photograph c 2 2 0 4   
Examiner 1 p 0 17 4 21 0.80 0.66-0.93 
 g 0 2 88 90   
 total 2 21 92 115   
  Visual clinical examination   
  c p g total Kappa 95%CI 
Colour photograph c 2 6 0 8   
Examiner 2 p 0 12 5 17 0.65 0.50-0.80 
 g 0 3 87 90   
 total 2 21 92 115   
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Table 6.7 Agreement, expressed in kappa-coefficient (kappa) and 95% 
Confidence Interval (CI), for assessing retention of sealants in 
occlusal surfaces according to the modified categorization of 
determining sealant survival (c,p,g) between the visual clinical 
examination and colour photograph methods by examiner 1 and 2 
after 4 years 
 
Modified categorization:  c=completely retained (code 1 for all three sections); p=partially 
retained (retention codes with all other combinations in the 
sections); g=completely gone (at least one code 4, 5 or 6 for one of 
the three sections). 
 
 
Table 6.8 Survival percentages (Surv) and standard error (SE) of retained 
sealants in occlusal surfaces for the visual clinical examination and 
colour photograph methods by examiners, according to the 
traditional and the modified categorization of determining sealant 
survival. 
 
    Traditional   Modified 
 N Surv (%) ± SE (%)  N Surv(%) ± SE(%) 
Colour photograph      
Examiner 1 115    50.4 ± 4.8  115  21.7 ± 3.6 
Examiner 2 115    51.3 ± 4.8  115  21.7 ± 3.6 
Visual clinical examination 115    47.0 ± 4.8  115  20.0 ± 3.4 
  Visual clinical examination   
  c p g total Kappa 95%CI 
Colour photograph c 2 2 0 4   
Examiner 1 p 0 49 5 54 0.87 0.78-0.95 
 g 0 1 56 57   
 total 2 52 61 115   
  Visual clinical examination   
  c p g total Kappa 95%CI 
Colour photograph c 2 6 0 8   
Examiner 2 p 0 46 5 51 0.82 0.73-0.92 
 g 0 0 56 56   
 total 2 52 61 115   
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Notwithstanding the above, the kappa-coefficient value for the 
inter-examiner consistency test for detecting enamel and dentine carious 
lesions from colour photographs was substantial and that for detection through 
visual clinical examination was moderate. The conclusion of the latter study is 
reflected in the finding that one of the examiners in the present study also 
recorded more retained sealant material from colour photographs than from 
the visual clinical examination. The colour photograph method might become 
more appropriate than the visual clinical examination because of practical, 
economical and data quality reasons. However, further studies should 
investigate standardization and validation of its assessment process. 
Boye et al12 reported that the colour photograph method had a higher 
sensitivity than the visual clinical method in assessing carious lesions but that 
the specificity was equal. This finding is somewhat different from the one 
obtained in the present study. However, the former study compared the carious 
lesion outcomes of both methods with results from histological slides as the 
standard, and that approach might have caused the difference in outcomes 
between the two studies. The colour photograph method has also been 
employed in a caries epidemiological survey recently18. The first results were 
encouraging but it was concluded that the utility of this method needs to be 
refined before it can be accepted for use in epidemiological surveys.   
The arguments for departing from the traditional dichotomization of 
estimating sealant retention as ‘no sealant material present’ and ‘material 
present independent of the extent of its coverage of the pits and fissures’, has 
been presented previously6. It relates to the fact that a pits and fissure system 
that is for a small part covered with sealant material is given the same value as 
a pits and fissure system that is fully covered. The risk for developing a carious 
lesion in the former compared to the latter situation differs substantially and is 
too large to justify the use of the traditional dichotomization. A modification had 
been proposed6, guided by the extent of sections of previously sealed pits and 
fissures re-exposed to the oral environment. As a carious lesion usually 
develops more frequently in pits than in fissures19and as a section usually 
contains a pit, it was argued that one fully re-exposed section would make the 
occlusal surface vulnerable to demineralization. In other words, a seal with one 
section lacking sealant material no longer provides sufficient protection and 
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was therefore considered ‘completely lost’.  
The change in determining the dichotomy of what is and is not considered 
‘retained’ is important in retention survival analyses, as it emphasizes the 
importance of the biological impact of sealants, rather than the mechanical 
presence of a sealant material. It is obvious that the survival rates of retained 
sealants, for both methods of assessing retained sealants, was higher for the 
traditional than for the modified categorization. But for both types of 
categorization, there was no significant difference between the two 
assessment methods regarding the survival rates of retained sealants over the 
four years.  
 
5. Conclusion 
The colour photograph method is not different from the commonly used visual 
clinical examination in detecting carious lesions but appears to be more 
sensitive in assessing sealant retention after 4 years. 
. 
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1. Summary 
This PhD thesis is based on the findings of five studies, carried out in China, 
which aimed to monitor caries prevalence and caries experience over time; to 
observe the natural course of cavitated primary teeth and; to investigate the 
most appropriate way for evaluating the effectiveness of a sealant on 
permanent teeth.  
Chapter 1 provides an overview of the oral healthcare service systems of 
China, highlighting the changes that have occurred in the last decades, 
particularly in the way healthcare is being financed. It has resulted in many 
more Chinese people receiving care as part of an insurance scheme. The 
Chapter also described the dental caries situation among Chinese children 
according to the results of the second and the third national survey in 1995 and 
2005. Comparing the outcomes show that the prevalence of dental caries of 
5-year-olds was lower in 2005 than in 1995 but that the respective ft/dmft ratios 
stayed the same and that most of the dentine carious lesions remained 
untreated in both survey years. For 12-year-olds, the prevalence of dental 
caries was lower in 2005 than in 1995. Also for this age group, most of the 
dentine carious lesions had not been treated in both survey years.  
The epidemiological caries studies carried out in China are all of a 
cross-sectional nature. This design, however, is unsuitable to monitor changes 
in the prevalence and severity of dental caries over time. Such a monitoring 
exercise is essential considering that the economy in China has increased 
steadily over the past decades, leading to an increase in the purchasing power 
of millions of Chinese people, that the per capita sugar consumption has 
increased tremendously and that the traditional diet is undergoing changes 
towards availability of more processed foods. It is, therefore, not unlikely to 
think that a cohort effect in caries prevalence might be present in the society of 
China, particularly among children. Monitoring such changes in dental caries 
require a time-lag design. A caries epidemiological study, based on a time-lag 
design, was conducted in 2007 and 2011 and is described in Chapter 2. The 
study comprised two cohorts of children aged 6-8-years from the same five 
primary schools of Wuhan. In 2007, 991 children and in 2011, 1114 children 
were visually examined according to the ART caries criteria and had their 
dentition assessed for plaque accumulation according to the Greene & 
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Vermillion Index by two calibrated examiners. Dental caries was scored at 
surface level of enamel (d2/D2) and the dentine (d3/D3). The prevalence of 
dental caries (d3mft) was 68.3% in 2007 and 67.2% in 2011, while that of d2mft 
was 78.5% in 2007 and 71% in 2011 (p<0.001). The mean d3mft score was 2.8 
in 2007 and 3.1 in 2011 (p=0.09), while the mean d3mfs score was 5.0 in 2007 
and 7.3 in 2011 (p<0.001). The d3-component of the d3mft index was 75% in 
2007 and 68% in 2011, while the f-component was 21% in 2007 and 26% in 
2011. The proportion of children with plaque code 3 (extensive coverage) was 
higher in 2011 (21.8%) than in age mates in 2007 (5.7%). It was concluded that 
no obvious signs were present that indicate that dental caries prevalence had 
been increased in primary dentitions of this child population between 2007 and 
2011. But as the mean caries experience scores at surface level were higher in 
2011 than in 2007, monitoring the caries situation in children remains essential 
and should start at an earlier age than this study covered. 
One of the outcomes of Chapter 1 was that the majority of dentine carious 
lesions in both primary and permanent teeth went untreated. It goes without 
saying that those cavities could have been prevented if these children had 
been regularly exposed to proper behavioral measurements such as diet 
control and tooth brushing with toothbrush and fluoridated toothpaste. Another 
important preventive measure concerns to manage dental caries in children is 
sealing caries prone pits and fissures. The Chinese Na tional Association of 
Oral Health has given this preventive measure a high priority. In 2008, 
therefore, a sealant trial started in Wuhan (Chapter 3). 407 children aged 6-8 
years were included in the trial that was meant to last for at least 4 years. As 
part of the ethical considerations, children with open cavities in primary teeth 
were requested to visit a dentist and have these teeth treated. Those with an 
acute problem were referred to the Stomatological Hospital of the Dental 
School. However, at the 6-month sealant evaluation point, many cavitated 
dentine lesions, observed at the start of the sealant trial, had not been treated. 
This observation necessitated monitoring these cavitated primary teeth 
systematically. Therefore, teeth exfoliated, restored, with a cavity left open, 
having caused toothache (symptom) and having (had) an abscess or fistulae 
(symptom) were recorded 6-monthly. Care-seeking instruction was given at 
every evaluation point. The observational period lasted 3.5 years. A total of 
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1012 cavitated primary teeth in 305 children (7.6-9.3-years-old) were followed. 
A total of 92.9% of cavitated primary teeth were found left open at the time of 
exfoliation, while 7.1% were restored at some stage during the 3.5 years 
observation period. 98.5% of restored and 95.5% of cavitated teeth left open 
exfoliated. 93.9% of restored teeth and 81.5% of cavitated primary teeth left 
open exfoliated without any symptoms. Having (or having had) toothache was 
the symptom most frequently related to exfoliated restored teeth and to 
exfoliated cavitated teeth left open. Restored primary teeth survived 
statistically significantly longer than cavitated primary teeth left open: 
1.99±0.07 and 1.68±0.03 years, respectively. It was concluded that the large 
majority of cavitated primary teeth in this child population exfoliated without 
symptoms. A higher proportion of cavitated teeth left open exfoliated with 
symptoms than cavitated teeth that had been restored. 
 
The second part of this PhD thesis is devoted to investigations related to 
the most appropriate way of assessing sealant retention and the presence of 
carious lesions on sealed tooth surfaces. The commonly used assessment 
method is the one in which trained and calibrated experts assess visually and 
clinically the presence of sealant material and that of carious lesions. Besides 
this direct method, indirect methods like the colour photograph and replica 
exists. Both types of assessment methods have advantages and 
disadvantages. The major advantage of the indirect methods may well be the 
possibility to store information and to use that at a certain moment in time 
when information from other evaluation points is also available.  
The investigations, described in Chapters 4, 5 and 6, used data from the 
sealant trial in which sealants placed using four materials were compared over 
time. The level of agreement and the survival rate of sealant retention of 
different sealing materials over a two-year period, assessed through the visual 
clinical examination and replica methods, using gypsum are described in 
Chapter 4. Sealant retention data were obtained from clinical examination and 
replicas from the same sealed tooth at baseline and at 0.5-, 1- and 2-year 
evaluation points, of 307 children, and compared for agreement, using 
kappa-coefficients. Survival curves of retained sealants in occlusal surfaces 
were created, using the modified categorization (fully retained and those 
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having all pits and fissures partly covered with the sealant material versus 
completely lost sealants, that included those pits and fissures system that had 
≥1 pit re-exposed) according to the Kaplan-Meier method. The 
kappa-coefficient for the agreement between both sealant retention 
assessment methods over the combined three evaluation points was 0.38 (CI: 
0.35-0.41). More retained sealant material was observed from replicas than 
through visual clinical examination. There was no statistically significant 
difference present in the cumulative survival curves of retained sealants for the 
three evaluation times when assessed from replicas compared to visual clinical 
examination (p=0.47). It was concluded that more retained sealant material 
was observed through the replica method than through the visible clinical 
examination after two years. At 2-years, the retention survival rate for 
resin-composite sealants was higher using the replica method than the visual 
clinical examination. The modified categorization of determining partially 
retained and completely lost sealant material appears to be more appropriate 
for calculating the survival rate of sealant retention than the commonly used 
traditional manner.  
Having established that the replica method is at least as good as the 
commonly used visual clinical examination, the next step in the process of 
determining the most appropriate assessment method was to validate the 
three available assessment methods against the SEM as the gold standard. 
On SEM images, remnants of glass-ionomer sealant material had been clearly 
observed in the deeper parts of pits and fissures that were scored clinically as 
completely absent, according to research reports. The SEM images of the 
sealed tooth surfaces thus provides more details and can, therefore, be 
regarded as the most reliable method for evaluating the level of sealant 
retention. Therefore, Chapter 5 describes the hypothesis that the colour 
photograph method has a higher level of validity for assessing sealant 
retention than those obtained from the visual clinical examination and replica 
methods. The study used a sample of sealed 1st molars from the sealant trial 
after 2 years. Retention was assessed according to the visual clinical 
examination and from colour photographs by the same two calibrated 
evaluators and from replicas by two other calibrated evaluators. Retention 
scores of the three methods were compared against consensus scores derived 
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from assessing retention from SEM images of the same teeth (gold standard). 
Presence or absence (survival) of retained sealants in occlusal surfaces was 
determined according to the traditional categorization (fully and partially 
retained versus completely lost sealants) and to the modified categorization 
(completely lost sealants, being those that have at least a 4, 5 or 6 in one of 
the sections, and those fully and partially retained). Percentage of agreement, 
sensitivity, specificity and Youden-index scores were calculated. 
Kappa-coefficients for inter-consistency reliability of data obtained from the 
three methods were high/substantial. Comparing sealant retention assessment 
scores of visual clinical examinations and colour photographs with those of the 
SEM images was performed on 112 sealed molars, for replicas on 43 sealed 
molars. The highest mean Youden-index score for presence/absence of 
sealant material was observed for the colour photograph method, followed by 
that of the replica method whilst the visual clinical examination method scored 
lowest. The mean Youden-index score for the survival of retained sealants was 
highest for the colour photograph method for both the traditional (0.867) and 
the modified (0.747) category of determining sealant retention, with the visual 
clinical examination method having the lowest Younden-index score 
(0.730-0.053). It is concluded that the colour photograph method had a higher 
validity than the visual clinical examination and the rep lica methods for 
assessing sealant retention. 
From the two latest investigations it can be concluded that more reliable 
information regarding sealant retention is obtained from the colour photograph 
method than from the visual clinical examination and replica methods. 
However, the effectiveness of sealants is not restricted to determining the 
retention of the material but also includes the assessment of the presence of 
carious lesions. The latter topic is presented in Chapter 6. As the prevalence 
of carious lesions after 2 years was too low to investigate the reliability of 
assessing the presence of carious lesions from colour photographs, data 
obtained at the 4 year evaluation point were used in this investigation which 
further was aimed at comparing the level of agreement of sealant retention at 
the 4-year evaluation point as assessed according to the visual clinical 
examination and the colour photograph methods. A different sample of sealed 
molars than at 2-years was selected for the investigation at 4 years. The two 
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examiners were also different from the ones who performed the visual clinical 
examination and assessed the colour photographs at year 4. Survival rates of 
retained sealants in occlusal surfaces were estimated using the traditional and 
the modified categorization. The kappa-coefficients for detecting carious 
lesions for both assessment methods by the two examiners were 0.65 (CI: 
0.56-0.74) and 0.70 (CI: 0.62-0.78), respectively and they were 0.71 (CI: 
0.64-0.79) and 0.80 (CI: 0.74-0.87), respectively for assessing sealant 
retention. Survival rates of retained sealants between the visual clinical 
examination and the colour photograph methods for both types of 
categorization were not statistically significantly different. It was concluded that 
the colour photograph method was not different from the visual clinical 
examination in detecting carious lesions but that it appears to be more 
sensitive in assessing sealant retention after 4 years. 
 
2. General discussion 
 
2.1 Methodological aspects 
This PhD thesis comprises two parts; assessment of the prevalence and 
progression of carious lesions in primary dentitions over time and investigation 
into the most appropriate method for evaluating the effectiveness of sealants. 
All studies were carried out among initially grade 2 children from five primary 
schools in Wuhan, China.  
 
2.1.1 Assessing carious lesions progression 
Monitoring cohort effects in dental caries prevalence in primary teeth requires 
a mixed-longitudinal study design. However, because of the relatively short 
lifespan of primary teeth of the children examined in the present study, such a 
design could not be used. The best alternative was a time-lag design, which 
was applied as described in Chapter 2. Because a secular trend in China is 
most likely to occur in chi ldren from middle- and high-income communities, it 
was decided that children chosen for the study sample should attend schools 
in such communities. This decision, however, means that the results are 
limited in that they only relate to children in these communities. This was the 
first such longitudinal study undertaken in China. Future studies should follow 
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proper sampling and study methodology so that the external validity becomes 
high. In addition, monitoring cohort effects should start in children aged 3. 
Dental caries was detected at the enamel lesion and dentine cavitated 
lesion levels according to the ART caries criteria, by different examiners in 
each examination year. Despite the fact that the results of the inter -examiner 
consistency test for both examination years were high, no correction for 
systematic differences in scoring carious lesions between the first and the 
second examination could be performed. Such a correction is contained in a 
mixed-longitudinal study design if the Age-Period-Cohort analysis is applied 
(Van ‘t Hof et al, 1976; Frencken et al, 1989). The absence of a correction for 
systematic differences amongst the examiners may have influenced the study 
outcomes.  
The epidemiological survey, described in Chapter 3, is an observational 
cohort study that lasted for 3.5 years. It is considered the first prospective 
study regarding the natural course of cavitated dentine carious lesions in 
primary dentitions. This study was not planned but needed to be conducted, as 
most of the children from the sealant trial had not received treatment at the 
6-monthly sealant evaluation point. Following up on these children every six 
months enabled identification of those with symptoms and their subsequent 
referral for emergency treatment in the hospital. Both the status of cavitated 
teeth and that of self-reported symptoms, such as toothache, abscesses and 
fistulae, were recorded. Information provided by the children did not raise any 
doubt in the examiners about its validity. The children understood the 
questions well, remembered what had happened with their teeth in the past 
and were thus able to provide data of a good quality. That different examiners 
observed the presence of cavitated dentine lesions, is also not a matter for 
concern, as such lesions are clearly visible to a qualified dentist. An aspect that 
would require attention in future studies on this topic is the manner of referring 
children for care. In contrast to the manner chosen in the present study, 
children should be given a letter to take to their parents or caretakers or the 
parents or caretakers should receive such a letter through the school 
administration system. 
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2.1.2 Sealant evaluation    
Once a sealant is applied on the vulnerable pits and fissures of the teeth, it 
should be periodically evaluated. This part of the thesis includes three studies: 
two comparative ones covering the utility of the direct method (visual clinical 
examination) and the indirect methods (replica and colour photographs), and 
one validating these methods with regard to assessment of sealant retention. 
Data for the comparison study was drawn from the sealant trial mentioned 
earlier. The evaluation was carried out after 0.5, 1, 2, 3 and 4 years.  
Visual clinical examination is the method most commonly employed in 
evaluation / epidemiological studies. It is fast and convenient but also prone to 
examiner bias. In contrast, the indirect methods using replica and colour 
photographs have the potential to reduce examiner bias through simultaneous 
examination of the study topic by trained examiners. This advantage is due to 
the fact that data from indirect methods can be stored and used later, which 
increases the quality of the data collected. According to a literature search at 
the start of the study, indirect methods had not been used for assessing 
sealant retention and carious lesion detection of the sealed teeth.  
In the comparison of the replica and the visual clinical examination 
methods after two years, the examiners each assessed fifty percent of the 
replicas. A different approach was followed in the trial in which the colour 
photograph method was compared with that of visual clinical examination. In 
this study the two examiners assessed all the samples. Both that approaches 
appear acceptable. This is supported by the high kappa-coefficient values for 
both indirect methods. The three methods have also been validated for 
assessing sealant retention. The SEM image was used as the gold standard. 
The SEM had not been used for this purpose before, but its importance in 
assessing sealant retention has increased, with researches detecting 
remnants of sealant material in the deeper parts of pits and fissures. Although 
the remnants cannot be positively identified as remnants of sealant material, 
because the SEM images are taken from epoxy models, researchers who 
have investigated this phenomenon are fairly certain about the presence of 
sealant material in the deeper parts of the pits and fissure system 
(Torppa-Saarinen and Seppå, 1990; Frencken and Wolke, 2010). Therefore, 
with a high level of certainty, it can be assumed that the SEM image at the 
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moment represents the most reliable method for evaluating sealant retention. 
Reading such SEM images requires training, which was provided in this study 
by a senior epidemiologist who had assessed SEM images in an earlier study 
(Frencken and Wolke, 2010). The retention scores from SEM images were 
based on consensus of three examiners, who sought additional information 
from colour photographs in ten percent of the cases in order to arrive at the 
final scores. Some of the SEM images were difficult to interpret and some were 
partly unclear. It is obvious that training in reading SEM images for assessment 
of the presence of sealant material is essential, as is a dust-free and sharp 
SEM image. The deviation in assessing SEM images by looking at colour 
photographs may have influenced the data collection to a certain extent. 
Therefore, the use of the SEM images allowed an almost perfect validation of 
the assessment methods for sealant retention. 
Carious lesion assessment could not be performed after two years, 
because of the low carious lesion prevalence, and was therefore postponed to 
the 4-year evaluation.  
During the first two years the visual clinical examinations were done by the 
same two examiners, while the last two examinations were performed by two 
others. All examiners who performed the visual clinical examination and other 
indirect methods were trained by the same senior epidemiologist. The intra- 
and inter-examiner consistency tests resulted in high kappa-coefficient values. 
It is therefore concluded that the data collected by the different examiners and 
the results obtained are sufficiently reliable. 
For evaluation of the sealant retention, the occlusal surface was divided 
into three sections in mandible molars and two sections in the maxillary molars. 
Each section most probably contained a pit, which is generally considered a 
part of the occlusal surface that is vulnerable to becoming demineralized 
Division of the occlusal surface into parts allowed for a more realistic 
determination of the survival rates of retained sealants. Currently, a pits and 
fissure system that is partially covered with a sealant is given the same value 
as one that is fully covered, which is not appropriate. Therefore, a different 
cut-off point for determining the dichotomy in the survival of sealant retention 
was needed. The guiding thought was that a sealant that does not cover one 
section no longer provides sufficient protection against carious lesion 
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development and should, therefore, considered to be ‘completely lost’. This 
move, called ‘modified categorization’, was used in the present study and its 
use in future studies assessing sealant retention is recommended. 
A limitation of the studies in which colour photographs were assessed was 
the absence of a training and calibration session shortly before the start of the 
study. Although the examiners had been calibrated for the visual clinical 
examination in the field, the fact that it happened months before the start of the 
comparison studies may have influenced the outcome of the comparison. It is 
suggested that in future studies of this nature, examiners should be duly 
trained and calibrated before such studies commence. Another limitation of the 
study is that the colour photographs were sent to the examiners in a MS word 
document and they had not been examined under the same standardized 
viewing conditions. Difference in monitor size and resolution may have 
contributed to a difference in the outcome of the study, although the magnitude 
of the difference may be small. Nevertheless, if the calibration had been 
performed at the right time and the viewing condition had been standardized, 
the level of validity of the colour photograph method would have been even 
higher. Future studies should take these limitations into consideration.  
Although the photographer was experienced, the quality of the 
photographs was not always satisfactory, especially at the two year 
examination. The age of the children might be a reason, as no real difficulties 
were encountered when the children were two years older. Therefore, it is 
concluded that for evaluating sealant longitudinally, the method of using colour 
photographs is very practical, provides the most appropriate data and is 
easiest to perform. It should, therefore, become the standard.  
  
2.2 Discussion of main findings 
 
2.2.1 Assessing carious lesions progression 
The hypothesis that the prevalence of dental caries and the caries 
experience in primary teeth would have increased between 2007 and 2011 
was rejected. This result is encouraging, as more time is available for 
educating the public about good oral health behaviour; particularly about the 
effect of sugary food products on the development of carious lesions. Tha t no 
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difference in the prevalence and proportion of children with open tooth cavities 
in primary teeth was noticed over the 4-year interval period is, however, of 
great concern. Also, the observed increase in plaque in the child population 
between 2007 and 2011 should be a signal to the dental fraternity and the (oral) 
health authorities in China of the need to increase the frequency and intensity 
of educational and preventive programmes in schools, on TV, in magazines 
and through any other communication channel in use in the country. 
Very remarkable was the finding that the large majority of untreated 
primary teeth exfoliated without symptoms over a period of 3.5 years. It is not 
known whether these children brushed the cavities plaque free and thus 
influenced the caries process positively and ensured the absence of symptoms 
in many cavitated teeth. How should this finding be interpreted? Should 
children, supported by their parents, be educated in cleaning cavitated primary 
teeth daily? Evidence supporting this approach comes from a recently 
published study in which medium- and large-sized cavities in primary teeth 
were cleaned with toothpaste and toothbrushes by school children under daily 
supervision. Between the cavity cleaning protocol and restoration of all cavities 
through the conventional protocol using amalgam and through the ART 
protocol there was no difference in tooth survival after 2 years (de Amorim, 
2012). Some might feel that advocating the conventional treatment protocol 
using amalgam, resin composite and PMC crowns, considered by many as the 
gold standard, would be the best option for treating cavitated teeth in children.  
However, it is obvious that this option has not been able to keep children 
caries-free in most world communities, including those in China. Therefore, the 
cavity cleaning protocol, called ultra-conservative treatment, which was tested 
in Brazil, has merits; particularly in China with its large child population, its high 
level of untreated cavitated carious lesions in primary teeth and its high ratio of 
dental practitioner to patient. The Brazil study was the first one that 
investigated the effect of cavity cleaning in open cavities in teeth, including 
molars, and the results would need to be confirmed in other communities in 
other parts of the world. 
Basically, these carious cavities should have been prevented from 
occurring. Oral healthcare preventive and promotional activities should be 
integrated in the Chinese healthcare system, with emphasis on these activities 
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integrated into care systems for infants and those attending kindergartens and 
primary schools.   
 
2.2.2 Comparing methods for assess sealant effectiveness 
The three studies implemented to identify the most appropriate method for 
evaluating sealant effectiveness revealed that the colour photograph method 
had the highest level of sensitivity and specificity for assessing retention of 
sealant material. Assessment of carious lesions from colour photographs was 
no different as assessing these through the visual clinical examination after 
four years. The latter finding is in agreement with the results of the Boye et al 
(2012) study which concluded that carious lesions in occlusal surfaces can be 
diagnosed more adequately from colour photographs than through the visual 
clinical method. These findings may imply that the visual clinical examination, 
considered to be the standard method, is inferior to the colour photograph 
method for evaluating the effectiveness of sealants over time. In addition to the 
finding that use of colour photographs provides more reliable data than can be 
obtained through the visual clinical examination, the former further ensures the 
quality of the data collection process. This is because photographs can be 
stored and evaluated together in a time-line by various examiners at a 
convenient moment in time; for example, when the sealant trial has reached its 
end. In practical terms, the findings of the thesis imply that instead of 
examiners evaluating sealants in a school clinic, a photographer and an 
assistant can be sent to the children. This approach might even turn out to be 
cheaper than the visual clinical examination method. This aspect needs to be 
investigated. As the current one is the first study covering testing reliability and 
validity of colour photographs, replicas and visual clinical examinations, the 
findings need to be confirmed by other research groups.  
That the use of the colour photograph method might become a serious 
option for application in detecting anomalies in dental health was supported by 
a recently published paper (Boye et al, 2013). In it this method was compared 
to the visual clinical examination for detecting carious lesions in 
epidemiological surveys. The study concluded that the utility of the colour 
photograph method has merits but needs further improvement. 
Lastly, sealant retention survival rates were estimated according to the 
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traditional and the modified categorizations of dichotomizing survived and lost 
sealants. As expected, the survival rates obtained when applying the traditional 
categorization were higher than those obtained when the modified 
categorization was used and this finding was independent of the sealant 
retention assessment method used. The modified categorization reflects the 
risk for carious lesion development in sealed surfaces more adequately than 
the traditional categorization and should therefore become the standard 
method used in identifying sealant retention survival in future studies.  
 
3. Conclusions 
 
The main conclusions of this PhD thesis are: 
1. No obvious signs were discovered that the prevalence of dental caries 
was on the increase in primary dentitions of this child population 
between 2007 and 2011. The proportion of decayed, untreated primary 
teeth was high and did not differ between 2007 and 2011 (Chapter 2). 
2. The large majority of cavitated primary teeth exfoliated without 
symptoms over a period of 3.5 years. Toothache was the symptom most 
frequently related to both exfoliated restored teeth and exfoliated teeth 
with the cavity left open. A higher proportion of cavitated teeth left open 
exfoliated with symptoms than cavitated teeth that had been restored. 
(Chapter 3). 
3. More retained sealant material was observed through the use of the 
replica method than through visual clinical examination after two years. 
At 2-years, the retention survival rate for resin-composite sealants was 
higher using the replica method than the visual clinical examination. The 
modified categorization of determining partially retained and completely 
lost sealant material appears more appropriate for calculating the 
survival rate of sealant retention than the commonly used traditional 
manner. (Chapter 4). 
4. The colour photograph method has a higher validity than the replica 
method and visual clinical examination for assessing sealant retention 
after two years (Chapter 5). 
5. The colour photograph method is not different from the visual clinical 
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examination in detecting carious lesions but appears to be more 
sensitive in assessing sealant retention after 4 years. (Chapter 6).  
 
4. Recommendations 
 Continued monitoring of the prevalence and experience of dental caries 
in China is essential for early identification of signs indicating that dental 
caries might be on the increase. This process should start at the age of 
three years. 
 Caries-preventive and oral health promotion programmes need to be 
organized for infants and school-going children. 
 The modified categorization of sealants retained and those lost should 
be applied for estimating sealant retention survival rates in future 
sealant trials. 
 Colour photographs can be used for evaluating the retention of sealants 
in future studies. Evaluating carious lesions from colour photographs 
need to be further investigated. 
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Samenvatting 
 
Dit proefschrift gebaseerd op de bevindingen van vijf, in China uitgevoerde, 
onderzoeken die als doel hadden: de prevalentie en ernst van tandcariës over 
een bepaalde tijdsperiode te vervolgen; het natuurlijke verloop van 
gecaviteerde gebitselementen in het tijdelijke gebit te observeren en; de 
geschiktste wijze voor het bepalen van de doelmatigheid van een sealant in 
blijvende gebitselementen te onderzoeken. 
Hoofdstuk 1 geeft een overzicht van de mondzorgsystemen in China 
waarbij de veranderingen, die in de laatste decennia hebben plaats gevonden, 
worden uitgelicht, in het bijzonder de wijze waarop de gezondheidszorg 
gefinancierd wordt. Dat laatste heeft ertoe geleid dat veel meer Chinezen zorg 
ontvangen omdat ze nu verzekerd zijn. Het Hoofdstuk beschrijft ook de 
cariëssituatie bij Chinese kinderen gebaseerd op de resultaten van het tweede 
en derde nationale bevolkingsonderzoek uit 1995 en 2005. Een vergelijking van 
de resultaten laat zien dat de cariësprevalentie bij 5-jarigen in 2005 lager was 
dan in 1995, maar dat de respectievelijke, ft- en dmft- indices onveranderd 
bleven, en dat de meeste dentinelaesies in de beide jaren onbehandeld waren. 
Voor 12-jarigen was de cariësprevalentie lager in 2005 dan in 1995. Ook voor 
deze leeftijdsgroep gold dat in beide jaren de meeste dentinelaesies niet 
behandeld waren. 
In China zijn de uitgevoerde epidemiologische studies naar tandcariës 
tot nu toe allemaal van cross-sectionele aard. Deze onderzoeksopzet is echter 
niet geschikt om veranderingen in de prevalentie en ernst van tandcariës over 
een bepaalde tijdsperiode te vervolgen. Dat laatste is van wezenlijk belang, 
gezien het feit dat de economie in China over de afgelopen decennia gestaag 
gegroeid is, wat geleid heeft tot een toename van de koopkracht van miljoenen 
Chinezen, tot een enorme toename van de per capita suikerconsumptie en tot 
veranderingen in eetgewoontes, van het traditionele dieet naar gebruik van 
meer fabrieksmatig verwerkte voedingsmiddelen. Het is daarom niet 
onwaarschijnlijk om te veronderstellen dat een cohorteffect aanwezig kan zi jn 
in de cariësprevalentie in de samenleving van China, in het bijzonder bij 
kinderen. Het vervolgen van dergelijke veranderingen in tandcariës vereist een 
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time-lag onderzoeksopzet. Een epidemiologisch onderzoek naar tandcariës, 
gebaseerd op een time-lag opzet, werd uitgevoerd in 2007 en 2011 en wordt 
beschreven in Hoofdstuk 2. Aan dit onderzoek deden twee cohorten kinderen 
in de leeftijd van 6-8 jaar van dezelfde vijf lagere scholen in Wuhan mee. In 
2007 werden 991 en in 2011, 1114 kinderen door twee gekalibreerde 
onderzoekers visueel onderzocht volgens de ART cariëscriteria en werd hun 
gebit beoordeeld op de aanwezigheid van tandplak volgens de Green & 
Vermillion Index. Cariësleasies werden gescoord op vlakniveau in het glazuur 
(d2/D2) en in het dentine (d3/D3). De cariësprevalentie (d3mft) was 68,3% in 
2007 en 67,2% in 2011, terwijl die van d2mft 78,5 % was in 2007 en 71% in 
2011 (p<0,001). De gemiddelde d3mft score was 2,8 in 2007 en 3,1 in 2011 
(p=0,09), terwijl de gemiddelde d3mfs score 5,0 was in 2007 en 7,3 in 2011 
(p<0,001). De d3-component van de d3mft index was 75% in 2007 en 68% in 
2011, terwijl de f-component 21% was in 2007 en 26% in 2011. Het aandeel 
kinderen met tandplak code 3 (uitgebreid bedekt oppervlak) was hoger in 2011 
(21,8%) dan bij leeftijdsgenoten in 2007 (5,7%). De conclusie was dat er geen 
duidelijke tekenen aanwezig waren die aanleiding gaven te veronderstellen dat 
de prevalentie van tandcariës in het ti jdelijke gebit van deze kinderen tussen 
2007 en 2011 was toegenomen. Omdat de gemiddelde ernst van tandcariës op 
vlakniveau in 2011 hoger was dan in 2007, blijft het vervolgen van de 
cariëssituatie in de tijd bij kinderen van wezenlijk belang. Zo’n onderzoek zou 
moeten starten op een vroegere leeftijd dan in deze studie is gebeurd.  
Eén van de resultaten uit Hoofdstuk 1 was dat de meeste carieuze 
dentinelaesies in zowel tijdelijke als in blijvende gebitselementen niet 
behandeld werden. Het is vanzelfsprekend dat deze caviteiten voorkomen 
hadden kunnen worden als deze kinderen regelmatig hun tanden hadden 
gepoetst met tandenborstel en fluoridehoudende tandpasta, en als hun 
eetgewoonten weinig suikerhoudende  voedingsmiddelen bevatte. Een 
andere belangrijke preventieve maatregel betreft het behandelen van 
tandcariës bij kinderen door cariësgevoelige putten en fissuren te sealen. De 
Chinese National Association of Oral Health heeft deze preventieve maatregel 
een hoge prioriteit gegeven. Daarom werd in 2008 een gerandomiseerd 
klinische sealant onderzoek in Wuhan gestart (Hoofdstuk 3). 407 kinderen in 
de leeftijd van 6–8 jaar deden aan deze trial mee die volgens de plannen 
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tenminste 4 jaar in beslag zou nemen. Als onderdeel van de ethische 
overwegingen, werden kinderen met open caviteiten in tijdelijke 
gebitselementen verzocht deze door een tandarts te laten behandelen. 
Degenen met een acuut probleem werden doorverwezen naar de kliniek van de 
Opleiding Tandheelkunde. Echter, tijdens het evalueren van de sealants na 6 
maanden bleken vele van deze gecaviteerde dentinelaesies niet behandeld te 
zijn. Deze waarneming maakte een systematische controle van de 
gecaviteerde tijdelijke gebitselementen noodzakelijk. Daarom werden 
gewisselde en gerestaureerde tijdelijke gebitselementen, die met een open 
gelaten caviteit, die welke kiespijn (symptoom) hadden veroorzaakt, en 
gebitselementen die een abces of fistels (symptoom) hadden (gehad), elke 6 
maanden geregistreerd. Bij elk evaluatietijdstip werd het advies om zorg te 
gaan zoeken gegeven. De observatieperiode duurde 3,5 jaar. In totaal werden 
1012 gecaviteerde tijdelijke gebitselementen bij 305 kinderen (7,6 – 9,3 jaar 
oud) gevolgd. In totaal werden, tot het moment van wisselen, 92,9% van de 
gecaviteerde tijdelijke gebitselementen niet behandeld, terwijl 7.1% van deze 
gebitselementen op enig moment gedurende de 3,5 jaar durende observatie 
periode gerestaureerd werden. Van de gerestaureerde tijdelijke gebits- 
elementen wisselde 98,5% en van de gebitselementen met een open caviteit 
wisselde 95,5% op een natuurlijke wijze; 93,9% van de restaureerde tijdelijke 
gebitselementen en 81,5% van de gebitselementen met een open caviteit 
wisselden zonder het kri jgen van enig symptoom. Het (gehad) hebben van 
kiespijn was het meest voorkomende symptoom voor zowel gewisselde 
gerestaureerde gebitselementen als die waarbij de caviteit open was gelaten. 
Tijdelijke gebitselementen die gerestaureerd waren, overleefden langer dan die 
welke geen behandeling hadden ondergaan, respectievelijk 1,99±0,07 en 
1,68±0,03 jaar. De conclusie was dat het overgrote deel van de gecaviteerde 
tijdelijke gebitselementen in deze populatie kinderen zonder symptomen waren 
gewisseld. Het wisselen van tijdelijke gebitselementen met een symptoom 
kwam vaker voor bij elementen waar de caviteit niet was behandeld dan bij die 
welke gerestaureerd waren. 
 
Het tweede deel van dit proefschrift is gewijd aan onderzoeken die te 
maken hebben met het op de meest geschiktste wijze bepalen van de retentie 
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van sealants en van de aanwezigheid van carieuze laesies in het oppervlak van 
gesealde gebitselementen. De gebruikelijke bepalingsmethode is die waarbij 
getrainde en gekalibreerde experts de aanwezigheid van sealant materiaal en 
die van carieuze laesies visueel, klinisch vastleggen. Naast deze zgn. directe 
methode bestaan er indirecte methoden zoals de kleurenfoto en de replica. 
Beide soorten bepalingsmethoden hebben voor- en nadelen. Het grote 
voordeel van de indirecte methode zou wel eens de mogelijkheid kunnen zi jn 
om informatie op te slaan en die op een bepaald moment te gebruiken wanneer 
informatie van andere evaluatie tijdstippen ook beschikbaar is.  
De onderzoeken, beschreven in de Hoofdstukken 4, 5 en 6, gebruikten 
gegevens van het gerandomiseerde sealantonderzoek, waarin sealants door 
middel van vier materialen werden aangebracht. Het niveau van overeenkomst 
en het 2-jaars overlevingspercentage van behouden sealants van de 
verschillende materialen werden bepaald door zowel het visueel klinische 
onderzoek als de gips replica methode te gebruiken, en worden in Hoofdstuk 4 
beschreven. Gegevens over de retentie van sealant van 307 kinderen werden 
verkregen door middel van klinisch onderzoek en door middel van het maken 
van replica’s van dezelfde gesealde gebitselementen bij aanvang van het 
onderzoek en op de evaluatietijdstippen 0,5, 1 en 2 jaar. Deze gegevens 
werden gebruikt om de overeenkomst tussen onderzoekers te berekenen, 
gebruikmakend van kappa-coëfficiënten. De Kaplan-Meier methode werd 
gebruikt om overlevingscurven van behouden sealants in occlusale vlakken te 
schatten, gebaseerd op de gewijzigde categorisatie (volledig behouden, en die 
waarbij de putten en fissuren gedeeltelijk met sealantmateriaal waren bedekt 
versus volledig verloren gegane sealants, inclusief die waarbi j een of meer 
putten en/of fissuren weer zichtbaar waren geworden). De kappa-coëfficiënt 
voor de overkomst tussen beide bepalingsmethoden voor het meten van de 
retentie van sealants over de gecombineerde drie evaluatietijdstippen was 0,38 
(Cl: 0,35-0,41). Door middel van de replica’s methode werd meer behouden 
sealantmateriaal waargenomen dan door middel van visueel klinisch 
onderzoek. Er was geen statistisch significant verschil aanwezig in de 
cumulatieve overlevingscurven van behouden sealants over de drie 
evaluatietijdstippen indien de replica methode werd vergeleken met het visueel 
klinisch onderzoek (p=0,47). De conclusie was dat na twee jaar meer sealant  
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materiaal werd aangetroffen door middel van de replica methode dan door 
middel van visueel klinisch onderzoek. Na 2 jaar was het 
overlevingspercentage van behouden kunsthars sealants, die bepaald waren 
d.m.v. de replica methode, hoger dan die welke d.m.v. visueel klinisch 
onderzoek werden verkregen. De gewijzigde categorisatie voor het bepalen 
van gedeeltelijk behouden en volledig verloren gegaan sealant materiaal lijkt 
meer geschikt te zijn voor het berekenen van het overlevingspercentage van 
behouden sealants dan de gebruikelijke traditionele manier. 
Na vastgesteld te hebben dat de replica methode minstens zo goed is 
als het gebruikelijke visuele klinische onderzoek, was de volgende stap in het 
proces van het bepalen van de meest geschiktste bepalingsmethode, om de 
drie beschikbare methoden te valideren met de SEM als gouden standaard. Op 
SEM beelden waren resten van glasionomeer sealant materiaal duidelijk in de 
diepere delen van putten en fissuren waargenomen, die volgens 
onderzoeksrapporten klinisch als volledig afwezig waren gescoord. De SEM 
beelden van de gesealde molaaroppervlakken verschaffen dus meer details en 
kunnen daarom beschouwd worden als de meest betrouwbare methode voor 
het evalueren van de mate van sealant retentie. Daarom beschrijft Hoofdstuk 
5 de hypothese dat de kleurenfoto methode een hoger niveau van validiteit 
heeft voor het bepalen van sealant retentie dan de visueel klinische onderzoek- 
en de replica methoden. Het onderzoek gebruikte een steekproef van gesealde 
1e molaren uit de sealant trial na 2 jaar. De retentie werd bepaald d.m.v. het 
visueel klinische onderzoek en door het beoordelen van kleurenfoto’s door 
twee gekalibreerde evaluateurs die beide metingen hadden verricht, en aan de 
hand van replica’s door twee andere gekalibreerde evaluateurs. De retentie 
scores van de drie methoden werden vergeleken met de consensusscores van 
het bepalen van sealant retentie via SEM beelden van dezelfde 
gebitselementen (gouden standaard). Aan- of afwezigheid (overleving) van 
behouden sealants in occlusale vlakken werd bepaald volgens de traditionele 
categorisatie (volledig en gedeeltelijk behouden versus volledig verdwenen 
sealants) en de gewijzigde categorisatie (volledig verdwenen sealants, d.w.z. 
sealants die tenminste een 4, 5, of 6 in een van de secties hadden, en sealants 
die volledig en gedeelteli jk behouden bleven). Het percentage overeenkomst, 
de sensitiviteit, de specificiteit en Youden-index scores werden berekend. De 
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kappa-coëfficienten voor het bepalen van de betrouwbaarheid van de 
verkregen gegevens door de evaluateurs voor de drie methoden, waren hoog 
tot substantieel. De vergelijking van het visueel klinisch onderzoek en de 
kleurenfoto’s met de SEM beelden om de retentie van sealant te meten werd 
uitgevoerd op 112 gesealde molaren, en voor de replica’s op 43 gesealed 
molaren. De hoogste gemiddelde Youden-index score voor aan/afwezigheid 
van sealant materiaal werd waargenomen voor de kleurenfoto methode, 
gevolgd door die van de replica methode, terwijl de visueel klinische 
onderzoeksmethode het laagste scoorde. De gemiddelde Youden-index score 
voor de overleving van behouden sealants was het hoogst voor de kleurenfoto 
methode voor zowel de traditionele (0,0867) als de gewijzigde (0,747) 
categorie voor het bepalen van sealant retentie, terwijl de visuele klinische 
onderzoeksmethode de laagste Youden-index score had (0,730-0,053). De 
conclusie is dat de kleurenfoto methode een hogere validiteit voor het bepalen 
van sealant retentie had dan de visuele klinische onderzoeks- en replica 
methoden. 
Uit de laatste twee onderzoeken kan geconcludeerd worden dat meer 
betrouwbare informatie betreffende sealant retentie verkregen wordt d.m.v. de 
kleurenfoto methode dan door de visueel klinische onderzoeks- en replica 
methoden. Echter, de doelmatigheid van sealants is niet beperkt tot het 
bepalen van de retentie van het materiaal, maar omvat ook de bepaling van de 
aanwezigheid van carieuze laesies. Het laatste aspect wordt gepresenteerd in 
Hoofdstuk 6. Aangezien de prevalentie van carieuze laesies na 2 jaar te 
gering was om de betrouwbaarheid van het bepalen van de aanwezigheid van 
carieuze laesies door middel van kleurenfoto’s te beoordelen, werden bij dit 
onderzoek gegevens gebruikt die waren verkregen op het evaluatietijdstip 4 
jaar. Verder was dit onderzoek gericht op het vergelijken van het niveau van 
overeenkomst van de sealant retentie ten tijde van het evaluatie tijdstip 4 jaar, 
zoals bepaald volgens de visueel klinische onderzoek- en de kleurenfoto 
methoden. Voor het onderzoek na 4 jaar werd een ander streekproef van 
gesealde molaren uitgevoerd dan bij die gebruikt werd na 2 jaar (zie Hoofdstuk 
4). De twee evaluateurs, die de kleurenfoto’s beoordeelden, waren niet 
dezelfde als degenen die het visueel klinische onderzoek hadden verricht.  
Overlevings-percentages van behouden sealants op occlusale vlakken werden 
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geschat voor de traditionele en de gewijzigde categorisatie van aanwezigheid 
van sealants. De kappa-coëfficienten voor de overeenkomst in het bepalen van 
carieuze laesies voor beide categorisaties door de twee evaluateurs waren 
respectieveli jk, 0,65 (CI: 0,56-0,74) en 0,70 (CI 0,62-0,78) en ze waren 
respectieveli jk, 0,71 (CI: 0,64-0,79) en 0,80 (CI: 0,74-0,87) voor het bepalen 
van sealant retentie. Overlevingspercentages van behouden sealants tussen 
het visueel klinische onderzoek en de kleurenfoto methoden voor beide typen 
categorisatie waren statistisch niet significant verschillend. De conclusie was 
dat de kleurenfoto methode niet verschilde van het visueel klinische onderzoek 
bij het vaststellen van carieuze laesies, maar dat de methode gevoeliger lijkt te 
zijn bij het bepalen van de sealant retentie na 4 jaar. 
 
Conclusies 
 
De belangrijkste conclusies van dit proefschrift zijn:  
1. Er waren geen duidelijke aanwijzing dat de prevalentie van tandca riës in 
het tijdelijke gebit van de onderzochte populatie kinderen tussen 2007 en 
2011 was toegenomen. Het aandeel door cariës aangetaste, 
onbehandelde tijdeli jke gebitselementen was hoog en verschilde niet 
tussen 2007 en 2011 (Hoofdstuk 2). 
2. Het overgrote deel van de gecaviteerde tijdelijke gebitselementen wisselde 
zonder symptomen. Tandpijn was het symptoom dat het vaakst voorkwam 
bij zowel gewisselde gerestaureerde gebitselementen als gewisselde 
gebitselementen met een open gelaten caviteit. Een hoger percentage 
gebitselementen met een open gelaten caviteit wisselde met symptomen 
dan gebitselementen die gerestaureerd waren (Hoofdstuk 3). 
3. Na 2 jaar werd meer behouden sealant materiaal waargenomen door 
middel van het gebruik van de replica methode dan door middel van het 
visueel klinisch onderzoek. Na twee jaar was het overlevingspercentage 
van behouden kunsthars sealants hoger indien gebruik werd gemaakt van 
de replica methode dan van het visueel klinische onderzoek. De gewijzigde 
categorisatie voor het bepalen van gedeeltelijk behouden en compleet 
verdwenen sealant materiaal lijkt meer geschikt voor het schatten van het 
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overlevingspercentage van behouden sealants dan de algemeen gebruikte 
traditionele methode (Hoofdstuk 4). 
4. De kleurenfoto methode heeft een hogere validiteit voor het bepalen van de 
sealant retentie na twee jaar dan de replica methode en het visueel 
klinische onderzoek (Hoofdstuk 5). 
5. De kleurenfoto methode verschi lt niet van het visueel klinische onderzoek 
in het bepalen van de aanwezigheid van carieuze laesies, maar li jkt 
gevoeliger te zijn in het bepalen van de retentie van sealants na 4 jaar 
(Hoofdstuk 6). 
 
Aanbevelingen  
 
 Regelmatig vastleggen van de prevalentie en ernst van tandcariës in China 
is van wezenlijk belang om de eerste tekenen van een mogelijke toename 
van tandcariës te ontdekken. Dit proces zou moeten starten op de leeftijd 
van drie jaar. 
 Voor kleuters en schoolgaande kinderen moeten mondgezondheids- 
programma’s worden georganiseerd om tandcariës te voorkomen en om 
de mondgezondheid te bevorderen. 
 De gewijzigde categorisatie voor het bepalen van welke sealants behouden 
en welke verloren zijn, zou gebruikt moeten worden voor het schatten van 
het overlevingpercentage van de retentie van sealants in toekomstige 
klinische sealant onderzoek. 
 Kleurenfoto’s kunnen worden gebruikt voor het evalueren van de retentie 
van sealant in toekomstige onderzoeken. Het evalueren van carieuze 
laesies door middel van kleurenfoto’s vergt nog nader onderzoek.  
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摘要 
     本博士论文由五篇研究组成，以中国-武汉地区五所小学二年级学龄儿童为
主要研究对象，对该人群乳牙患龋情况，龋病流行趋势，龋病转归，以及新生恒
牙的预防措施的评估进行研究，为龋病防治以及防龋措施评估提供理论依据。 
第1章概述了中国的口腔保健服务体系，强调在过去的几十年中所发生的变化，
特别是医疗保健方式的变化。近十年来，随着全民医疗改革的深入，影响了更多
的中国人就医方式的变化。本章还介绍了中国儿童龋齿发病状况，从 1995 年和
2005 年的第二次和第三次全国调查的结果显示，5 岁儿童患龋率下降，但两次
的结果都显示了绝大多数乳牙龋齿未得到治疗，口腔健康护理意识仍然比较落
后。对于 12 岁儿童，患龋率下降，同样一年龄组的儿童，大部分牙本质龋损并
未得到处理。现有的大多数横断面调查不具备监测疾病变化的效力，而合适的纵
向研究可以研究世代因素，即生活在不同时期人群的队列效应，从而了解疾病的
发展趋势，在对龋病流行趋势的研究中更加合适。第 2 章针对武汉市二年级学龄
儿童四年间乳牙患龋率和患龋情况的变化趋势的研究，由于观察年龄段儿童的乳
牙在四年后大部分已脱落，因此年龄-年代-世代设计的研究无法展开，取而代之
的是时滞-序列研究，在报告疾病发展趋势的效力上仅次于年龄-年代-世代研究。
分别于 2007 年和 2011 年对武汉地区 5 所小学二年级学龄儿童，采用 ART 龋齿
检验标准和 Greene & Vermillion 的简化口腔卫生指数中的菌斑软垢计分方法进
行龋病和菌斑软垢的临床检查。数据分析采用方差分析，t 检验和卡方检验。2007
年 991 名儿童，2011 年的 1114 名儿童受检。研究显示，乳牙患龋率有所下降：
d3 水平 2007 年 68.3%，2011 年为 67.2%；d2 水平上 2007 年 78.5%，2001
年为 71% （p <0.001）。 d3mft 龋失补均在 2007 年为 2.8， 2011 年为 3.1（p 
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= 0.09），d3mfs 龋失补面均在 2007 年为 5.0， 2011 年为 7.3（p <0.001）。d3t
龋均比有所下降从 2007 年 75％到 2011 年 68%，而充填率有所提高，从 2007
年的 21%增加到 2011 年的 26%。菌斑软垢检查结果显示，高计分（口腔卫生
较差）的儿童的比率在 2011 年为 21.8%，这个结果比 2007 年为 5.7%有了大幅
的增加。综上目前还没有明显的迹象表明，武汉市二年级学龄儿童在 2007 年和
2011 年的乳牙患龋情况有所上升。但值得注意的是，平均患龋计分在牙面水平
较高，菌斑软垢检出率增加，监测患龋率仍然是十分必要，类似研究应在比本研
究人群更年幼的儿童中开展。卫生和教育部门应合作制定方案，旨在确保儿童良
好的口腔卫生。 
   另一方面，面对绝大多数乳牙龋齿未得到治疗的现状，第 3 章是首次进行前
瞻性临床随访，研究儿童患龋乳牙的转归过程，随访时间为 3.5 年。作为相关窝
沟封闭临床研究的对象，选择具有高危龋病因素的儿童，对患龋乳牙病转归，进
行前瞻性观察研究。患龋儿童及家长被告知应前往医院就医治疗患龋乳牙，对于
随访 6 个月后仍然未得到治疗的患龋乳牙开始进行监测，记录儿童自我报告及随
访检查结果，包括转归及症状（因龋导致的牙疼，脓肿或瘘管），间隔为每 6 个
月，持续到该患牙自然脱落或者因龋拔除。数据分析采用方差分析和 t 检验。随
访共有来自于 305 名儿童（年均 7.6-9.3 岁）的 1012 未治疗的患龋乳牙，随访
3.5 年后共计 92.9%的患龋乳牙仍未进行治疗，7.1%的患龋乳牙在随访某阶段被
充填修复。98.5%的充填乳牙以及 95.5%的未治疗乳牙，自然脱落。93.9%的充
填乳牙和 81.5%未治疗乳牙无任何症状脱落。牙疼是出现率最高的症状。充填乳
牙生存时间比未治疗乳牙生存时间上有显著性差异 1.99±0.07 和 1.68±0.03 年 
（p = 0.002）。 
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作为武汉地区二年级学龄儿童运用窝沟封闭防龋课题的分支课题，本课题第
二部分，目的在于研究更准确的评价，运用不同评估方法以及标准对窝沟封闭保
存效果进行评估比较。由于临床检查具有以下的缺点，在长期的跟踪评估中，不
可能重复，可能会引起较大的系统误差。但与直视下的临床检查法相比，间接的
方法，如评估标准口内照片，X 线片和样本的模型可减少这种系统误差。因为这
些间接的方法，允许同一检查时间的所有的样本，或者某一样本的不同的时间的
状态在标准同一条件下被评估，同时不受检查者地域的限制。因此首先在第 4
章里，使用临床检查与石膏模型两种方法评估新生恒牙窝沟封闭两年保存效果。
2008 年对 307 名二年级学龄儿童新生恒牙窝沟封闭，并进行封闭效果的评估，
时间为窝沟封闭进行后第 0.5，1,2 年。采用 Kappa 一致性检验评估两种方法检
出结果的一致性。评估封闭材料保存率采用传统和改良两种评价标准。
Kaplan-Meier 生存法统计封闭材料的累积保存率，采用 Log-rank 检验比较两种
方法评估累积保存率结果(曲线)。两种评估方法结果一致性的Kappa 系数为 0.36
（传统评价标准）和 0.38（改良评价标准）。采用石膏模型评估，可以检出更多
的窝沟封闭材料。使用传统评价标准，石膏评估和临床检查得出两年累积保存率
（曲线）结果有统计学差异（Log-rank，p =0.004）， 使用改良评价标准差异无
统计学意义（Log-rank，p =0.47）。采用石膏模型的间接评估方法在窝沟封闭两
年后检出了更多的材料。 
    对于包括石膏模型和彩色口内标准照在内的最常用的间接评估方法，在第 5
章里，进行了验证。通过临床检查，标准口内照评估和石膏模型评估窝沟封闭材
料的保存效果。评估封闭材料保存率采用传统和改良两种评估标准。并使用电镜
照片的评估结果作为“金”标准，验证以上不同方法的评估结果。统计临床检查，
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样本石膏模型评估和标准口内照评估结果的结果一致性，敏感度和特异度，并计
算各个方法的正确指数 Youden index。112 颗窝沟封闭新生恒牙采用临床检查
和标准口内照评估，43 颗采用石膏模型进行评估，标准口内照评价的结果最接
近金标准，其次为石膏模型，最后为临床检查结果。综上，标准口内照是比临床
检查，石膏模型更能反映真实窝沟封闭材料保存效果的评价方法。 
此外于对窝沟封闭的评估还应包括对被封闭牙面继发龋损的检出能力，因此
有必要评估使用标准彩照的方法是否具有同样可靠的检出龋损的能力，本论文的
第 6 章对新生恒牙窝沟封闭四年后，比较使用直视下临床检查与标准口内照的两
种方法评估窝沟封闭的封闭效果及检出封闭牙面的继发龋损。通过两名检查者分
别使用临床检查与标准口内照两种方法评估 115 颗新生恒牙窝沟封闭四年后材
料的保存状况以及封闭牙面的继发龋损。采用 Kappa 一致性检验评估两种方法
检出结果的一致性。评估封闭材料保存率采用传统和改良两种评估标准。四年后
样本窝沟封闭牙面继发龋损发生率过低，两名检查者使用两种评估方法检出继发
龋损的一致性的Kappa 系数为 0.65 (95%可信区间:0.65-0.74)和 0.70 (95%可信
区间:0.62-0.78) ；评估窝沟封闭材料保存一致性的 Kappa 系数为：0.71(95%可
信区间:0.64-0.79)和 0.80(95%可信区间:0.74-0.87)，一位检查者使用标准口内
照检出了更多的封闭材料。两名检查者使用标准口内照和临床检查检出样本的窝
沟封闭保存率的结果，差异无显著性（传统和改良两种评估方法）。因此认为使
用临床检查与标准彩照两种方法评估新生恒牙四年窝沟封闭封闭效果以及继发
龋损，标准口内照与临床检查的结果一致性较好，前者检出更多的窝沟封闭材料，
但对于继发龋损的检出来说，该研究尚不能判断哪种方法更为可靠与准确。 
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讨论 
方法学 
本博士论文研究包含两个部分，第一部分是中国-武汉地区二年级学龄儿童
乳牙龋病流行趋势 4 年纵向观察和患龋乳牙 3.5 年转归的临床前瞻性观察的报
告；第二部分是新生恒牙窝沟封闭评价方法的比较，包括使用临床检查，标准口
内照以及石膏模型，对其评估窝沟封闭效果的一致性和准确性进行比较和验证。 
1）第一部分; 作为最常见的口腔疾病之一，龋病在人群内流行性相当广，
由于过去的几十年里，中国经济稳步增长，国民消费能力提高，饮食结构的改
变，监测龋齿的患病率和发病情况具有一定的必要性，特别是在儿童群体中监
测和掌握龋病的发病状况及其发展趋势，可以作为有效干预措施的信息来源，
针对患龋高风险人群，具有更高的龋病防治效率的意义。在中国，
1983,1995,2005 年进行了三次全国范围内的口腔流行病的调查，然而分析和比
较最近两次间隔 10 年的调查结果的时候，有几点需要引起注意，除了抽样方式
和范围略有不同，两次调查所使用的诊断标准和器械也不一样。现有的大多数
横断面调查不具备监测疾病变化的效力，而合适的纵向研究可以研究世代因素
，即生活在不同时期人群的队列效应，从而了解疾病的发展趋势，在对龋病流
行趋势的研究中更加合适，第一部分的第一个流行病学调查使用的是时滞-序列
设计，研究在两个世代群体的儿童乳牙列四年间患龋率和患龋情况的变化趋势
。该研究设计采用了时滞-序列设计，调查对象包括两个变量，年龄（6-8 岁）和
年代（2007 年和 2011 年）。这样的研究设计关注的对象是疾病在同一年龄群
体中是否具有年代效应，对于龋齿，即随着时间的推移，年龄相同的群体患龋
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率和龋损发生情况是否有变化。然而，这种研究里还存在世代（出生时期）的暴
露因素，即对相同年龄段的人群，年代和世代的因素也会相互影响而混杂了疾
病患病率变化的根本原因。年龄的影响仅仅被定义为年龄对疾病影响的的净贡
献，年代效应是指不同观察时间之间疾病发生的差异，而世代效应则是指不同
群体之间由于出生在不同的时间，对疾病的暴露程度可能也有影响。如果混合
纵向设计（APC:age-period-cohort）能分析年龄，年代和世代的对疾病的影响
，会是一个更合适的研究设计，来监测疾病变化趋势的模型。但需要重复多次
的对对象进行观察监测，才能完备此模型所需要的数据资料,从而得到各因素影
响对疾病变化的贡献,但由于乳牙自然脱落的属性，对儿童龋齿进行该模型的监
测需要观察对象基线年龄小但是，这种混合设计需要长时间多次对同一观察对
象进行调查，而 6-8 岁的儿童乳牙在口腔内只存在较短的时间然后就会脱落，
因此这种混合设计不适用于本研究的人群。为了尽量减少年代的影响，通过对
检查者进行多次反复的培训校准，提高检查者之间的一致性。根据 Landis 和
Koch 标准，两个样本的检查者一致性结果较高。事实上，尽管在这两个时期获
得数据的质量较高，但是仍然无法绝对消除这样的客观影响。两次检查都是由
同一经验丰富的流行病学专家进行培训，一定程度上也会提高数据的可靠性。 
作为第一部分的第二个流行病学调查，第三章的研究并非最初设想，自 2008
年 5 月起，对武汉市 5 所小学二年级学龄儿童进行为期 4 年的窝沟封闭预防新
生恒牙龋病的临床课题研究。纳入课题的对象是通过 2007 年 12 月口腔健康检
查确定的具有龋病评估高风险的学生。每个学生至少有 2 颗乳牙有涉及到牙本
质的明显龋洞，对这部分学生的第一恒磨牙实施窝沟封闭，以及定期的效果评
估的随访中，告知该部分儿童及家长，前往医院治疗患龋乳牙。但是，相当大
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的一部分患龋乳牙并未得到治疗，于是本课题作为分支课题，决定自窝沟封闭
第一次随访即 2008 年 11 月起，对未进行治疗的患龋乳牙进行前瞻性观察研究
与监测。通过记录儿童自我报告及随访检查的结果，来报告患龋乳牙的转归，
随访时间为 3.5 年。据我们所知，这是首次通过随访儿童自我报告乳牙龋引起
的自觉症状以及患龋乳牙转归的前瞻性临床研究。Innes提出对于患龋的乳牙如
何进行合适的治疗一直有争议，也仍受限于缺乏足够多的高质量的临床研究。
前瞻性研究是研究自然病程的一种比较理想的方法，特别是当临床随机试验由
于伦理或客观限制而无法展开。虽然前瞻性研究比较耗费时间和人力，但其提
供的证据比回顾性研究更有力和可信。为了尽量减少偏倚，本研究的随访时间控
制在每半年一次，而通常类似研究是一年一次，检查者注意到，与绝大多数儿童
进行有关症状和为何乳牙脱落的交流十分顺畅，儿童回答问题直接清晰，并且
通过多次随访与儿童建立起信任与儿童心智的逐渐成熟，有理由认为本研究长
期随访采取儿童自我报告获得的数据可信度比较高。 
第二部分：窝沟封闭是一种有效地预防发生在窝沟点隙处龋损的手段，其防
龋效果与封闭剂是否完整地保存于牙面窝沟点隙有关。作为武汉地区二年级学
龄儿童运用窝沟封闭防龋课题的分支课题，本课题第二部分，目的在于研究更
准确的评价，运用不同评估方法以及标准对窝沟封闭两年保存效果进行评估比
较，包括传统的临床检查结果，标准口内彩照和石膏模型评估结果，以及采用
电镜图片作为金标准，来评价各种方法。由于临床检查具有以下的缺点，在长期
的跟踪评估中，不可能重复，可能会引起较大的系统误差。但与直视下的临床
检查法相比，间接的方法，如评估标准口内照片，X 线片和样本的模型可减少
这种系统误差。因为这些间接的方法，允许同一检查时间的所有的样本，或者
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某一样本的不同的时间的状态在标准同一条件下被评估，同时不受检查者地域
的限制。正因为间接评估方法有以上的优点，越来越多的运用于口腔临床流行
病学的调查中。此外，还有可能增加临床工作者的效率，从而腾出资源，以改
善现有的口腔护理状况，减少口腔健康资源的不平等。Golkari 和 Edelstein 等
使用标准口内照的方法对龋损和牙釉质发育缺陷的检出结果的可靠性进行了研
究，发现该方法可靠性非常高。而评估样本模型的方法被认为在对磨耗相对较
多的窝沟封闭剂的评估上更为敏感。然而，很少有研究同时比较和验证临床检
查，标准口内照和样本模型的方法来评估窝沟封闭剂的保存状况以及继发龋损
的检出能力。因此，在本课题的第二部分，就针对以上目的试图探寻在临床流
行病学研究中评估封闭剂保存状况的最合适的方法。采用石膏模型与临床检查
的方法评估窝沟封闭两年封闭效果的研究中，两种方法评估方法分别是由两名不
同的检查者完成。所有的检查者由同一人进行培训，即使如此结果的差异在何
种程度上是由于检查者的不同带来的无从得知，但数据质量控制显示，检查者
一致性较好，检查结果质量较高。第 5 章首次将电镜图像评价窝沟封闭的保存
状态作为“金”标准，来检验其他不同方法评估的结果，包括：直视下的临床检
查和间接评价方法（石膏模型，标准口内照）。三位评估电镜图像的评估者，有
一位有阅读电镜图像判断窝沟封闭材料的经验，另两位经过培训和校准在我们
的研究中，因为是第一次采用大量的样本来扫电镜图像，有极少数由于图片质
量的问题，给评估者评估材料保存情况带来困惑，严格来说这样的情况其实降
低了“金”标准的标准含量。建议今后有更多的研究来验证在本研究中所得到的
结论。第 6 章基于四年的窝沟封闭的保存和防龋效果的评价的比较，本研究最初
的设想是经过四年的时间，会有足够多的样本由于封闭剂的脱落而发生龋损，进
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而来评价两种方法对窝沟封闭继发龋损的检出能力，但本研究中，窝沟封闭四
年后，达到牙本质的龋损的发生率仍然相当低，针对实验目的进行的比较大多
只能基于健康牙面和早期龋损的牙面，而对于达到牙本质的龋损由于数据太少，
无法进行有意义的比较，虽然结果并未达到原本的实验设想，但是从口腔健康
预防的观点出发，该课题很好的达到了窝沟封闭预防龋病的目的。另外本博士
论文研究中另一创新点在于使用了改良的窝沟封闭评价标准，根据传统，研究窝
沟封闭材料的保存率，保存情况划分为，在牙面上有材料保存和材料脱落。这
种方法中材料保存分类里将所有窝沟点隙材料完好保留和只有仅存的材料在某
一个窝沟点隙里的情况等同对待。但很明显的是，前者由于所有窝沟点隙仍被
完好封闭，而使龋在窝沟点隙处发生的危险，很大程度上被降低。因此一种传
统改良的评价标准认为在评价窝沟封闭材料保存情况时，牙面上只要有一个主
要窝沟点隙内原有封闭的材料脱落，窝沟点隙完全重新暴露于口腔，即被认为
材料脱落。这种改良的评价标准的合理性在于是基于龋损发病原因的考虑，任
何一个完全暴露的窝沟点隙都容易引起菌斑累积，增加患龋的可能。上下颌牙牙
合   面划分的每个部分都至少有一个主要的窝沟点隙，任何一个部分如果材料脱
落都应该被认为是该窝沟封闭在牙面上材料脱落。因此建议这种改良的评价方
法在之后的窝沟封闭材料的保存研究中推广使用。 
 
主要研究结果 
1）第一部分：流行病学调查，第 2 章的研究显示，与 2007 年相比，2011
年的乳牙龋（涉及到牙本质龋损）的患龋率和龋均无显著性差异，开始时的所做
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的研究假设不成立。然而，2007 年和 2011 年间仍有一些值得引起注意的龋齿
计分的变化。比起四年前，在牙面的水平上，2011 年检出了更多的龋损和因龋
导致的充填体。这些变化也反映在 7 岁学生组。虽然不能断言，真实情况是否
就是乳牙龋坏的受累程度比起四年前更深范围更广，但这些结果支持继续监测
该地区儿童乳牙龋病的患龋率和患龋水平的。虽然两次检查结果显示，高计分
3 的（口腔卫生较差）的儿童的比率 2011 年比 2007 年有了大幅的增加。然而
，还不能断定这就是四年后在牙面水平乳牙患龋计分较高的原因。只能说明被
检查的儿童大部分口腔卫生状况需要进一步得到加强。2011 年的补牙均以及龋
失补构成比中的龋补率都比四年前高，究竟是什么因素可能导致这一结果不得
而知。可能包括，自 2007 底以来武汉市的城镇医疗保险制度更完善，更大的疾
病覆盖范围，例如补牙等基本口腔治疗在更多的医院被纳入医疗保险可报销的
部分。另外学生家长的口腔健康意识的提高，口腔健康从业者资源的增加等都
可能是其中的原因所在。 
而在第 3 章对于未治疗乳牙龋损的随访研究中，不仅是中国，世界上相当多
的国家，绝大多数乳牙龋并未得到治疗，而且这种情形很有可能还将长期存在
。即使作为可以预防的疾病，龋病的预防重要性一直被反复提出，但是，如果
只做预防，只关注预防，也是不合适的，因为已经面对如此多数未得到治疗的
乳牙龋，如何合适的治疗才然是最亟待解决的问题。另一方面，传统的乳牙龋
病的治疗存在许多问题，一些临床从事儿童龋病治疗的医生一直采用传统的思
维，对儿童的患龋乳牙，只有一种考虑，那就是进行传统手机去龋充填，如有
必要还会在操作中加入对儿童使用局麻。无论是只做预防或者极端的进行所有
乳牙龋的常规充填都似乎有些极端，合理的理念应该是，对于治疗乳牙龋病，
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充填治疗只是手段之一，而传统的充填方式又只是充填治疗的方法之一。其他
例如使用氟化氨银（SDF:Sliver Diammine Fluoride），非创性充填治疗（ART
），Hall 技术（the Hall technique）和非充填性龋病治疗（NRCT: Non-Restorative 
Caries Treatment）都是可供选择的。系统性综述汇报非创性充填治疗（ART）
在治疗乳牙龋上的效果和传统的银汞修复无差异，其他几种方法效果有待进一
步足够数量的的临床研究来支持。需要注意的是，无论哪种方法，持续有效的
清除菌斑仍然是不能被忽视，例如以上提到保守治疗手段 UCT 中能够使儿童或
其家长可使用清洁工具控制菌斑的龋洞，是否随着儿童和家长掌握方法的熟练
，而使效果更佳明显，也有待进一步的临床实验研究来支持。本研究中，充填
后的乳牙比起未经过治疗的患龋乳牙，生存时间更长一些。这一结果也和近来
一项比较充填与否和患龋乳牙风险生存分析的临床研究所得出的结论一致。 
2）第二部分：提示间接评估方法标准口内照对窝沟封闭材料保存效果的评
估具有较高的临床可操作性以及评估结果的可靠与准确性，而对于封闭牙面继发
龋损的检出能力有待进一步的研究来证明。已经越来越多的口腔流行病学的研
究，将彩色标准口内照作为检查评估的手段，检验其评估结果的有效性和准确性。
Boye 将彩色标准口内照和临床检查的结果和牙体组织学切片的“金”标准相比，
发现彩色标准口内照检查的结果比口腔临床检查具有更高的灵敏度，和同样高的
特异度。而在检出氟牙症，釉质发育缺陷等临床病症的研究中，彩色标准口内照
都表现出了不输与临床检查的检出水平。本研究采用的标准口内彩色照片对窝沟
封闭材料保存情况做评估尚属首次，对儿童进行标准口内照的拍摄并不容易，要
获得儿童的配合，要保证牙面无唾液覆盖，这里的标准口内照两位评估者对照片
的质量表示满意。在评价窝沟封闭保存情况时，标准口内照在三种方法中，是最
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接近“金”标准，但不足之处是由于标准口内照方法中的两名评估者没有进行一致
性校准培训，推测如果提高了这部分检验效能，标准口内照评估结果会更好。本
研究的结果表明，标准口内照评估方法的的灵敏度和特异度都很高，尽管该研究
外在效度比较高，依然需要更多的研究来进一步证明该研究的结论。 
在长期流行病学研究中，标准口内照评估作为一种间接评估方式，可以保存，
方便对比材料的前后保存状态或者磨耗状态，还能比临床检查更好的采用盲法。
虽然没有专门的成本-效价研究来比较评估窝沟封闭保存时，是否标准口内照比
临床检查或其他间接评估方式花费更低，但 Golkari 的研究显示，在评估釉质发
育不全时，预备标准口内照片比临床检查和石膏模型花费时间更短，另外对照片
进行评估，又会因为可以利用比临床检查更充裕的时间而提高了检查效能。因此
我们提议今后在口腔流行病学调查中，可以增加这部分的研究。 
 
结论 
  本博士论文的主要结论为： 
 第 2 章：目前还没有明显的迹象表明，中国-武汉市二年级学龄儿童在 2007
年和 2011 年的乳牙患龋情况有所上升。但值得注意的是，平均患龋计分在
牙面水平较高，菌斑软垢检出率增加，监测患龋率仍然是十分必要，类似研
究应在比本研究人群更年幼的儿童中开展。卫生和教育部门应合作制定方
案，旨在确保儿童良好的口腔卫生。 
 第 3 章： 对中国-武汉市二年级学龄儿童乳牙龋损 3.5 年随访结果为绝大多
数转归为自然脱落的患龋乳牙，在整个随访过程中无任何自发报告或检查的
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症状。 
 第 4 章：对中国—武汉市二年级学龄儿童新生恒牙两年年窝沟封闭封闭效果
评估，采用石膏模型可以检出更多的窝沟封闭材料，改良评价标准基于龋损
病因学考虑，建议在今后的窝沟封闭保存评价中推广。 
 第 5 章：对中国—武汉市二年级学龄儿童新生恒牙两年年窝沟封闭封闭效果
评估，彩色标准口内照是一种比较有效的评价窝沟封闭保存的方法。 
 第 6 章：对中国—武汉市二年级学龄儿童新生恒牙四年窝沟封闭封闭效果以
及继发龋损的评估，标准口内照与临床检查的结果一致性较好，并检出更多
的窝沟封闭材料，但对于继发龋损的检出来说，本研究尚不能判断哪种方法
更为可靠与准确。 
 
临床推荐 
 监测并有条件的在年龄组更小的儿童上（3 岁）进行龋病监测十分有必要。
有关卫生和教育的主管部门应该建立更多更广泛的口腔健康教育促进项目 
 面对大多数未得到治疗的乳牙龋，应有更多的相关研究来探索最适合的治
疗对策，也是基于任何不同医疗水平条件下口腔健康工作者的重要任务 
 推荐今后的研究使用改良评估窝沟封闭保存率 
 间接评估方法标准口内照对窝沟封闭材料保存效果的评估具有较高的临床
可操作性以及评估结果的可靠与准确性，而对于封闭牙面继发龋损的检出能
力有待进一步的研究来证明。 
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